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IS MARS'S AXIAL VELOCITY CHANGING? 



Bv A. M. Mattoox. 



The main principles of the Nebular Hypothesis were published 
about a century ago. Laplace reasoned skillfully regarding the 
behavior of a contracting mass, such as that of which he believed 
the solar system to have been composed. He described the 
processes by which successive concentric rings would become 
detached from the central body of gas, and the material ultimately 
be gathered together to form the planets. The equatorial tele- 
scope has done little or nothing to confound the argument of the 
great astronomer. Saturn 5 rings may be deemed incompetent 
witnesses to sustain his theory, on the grounds that they consist 
of coundess m3rriads of minute moons, already solidined. and are 
no longer in the nebulous state. But surely Andromeda affords 
an object-lesson not liable to this criticism. Here on gigantic 
scale we have Saturn reproduced — this time in the very material 
considered by the noted Frenchman. 

But some will, no doubt, maintain that processes different 
from the ring formatiop may have brought a planet out of chaos. 
Jacobi and Poincare aihd the younger Darwin have told us of 
the probability of a different order of events. They have argued 
that a rotating nebula may readily become a prolate spheroid, 
the axis of whose motion is its shortest diameter. They have 
reasoned that with increase of speed this ellipsoid must necessarily 
change its form into that of a pear-sha(>ed body, called the apioid, 
and this in turn modify its outline till it becomes a huge dumb- 
bell, in which the globes are widely discrep>ant in size. According 
to a law of physics, a line drawn on the surface from one pole of 
a rotating body to the other, will describe equal areas in equal 
times, provided the body is unobstructed in its axial motion. 
Then, if condensation of the nebula result in contraction, as it 
mtist, the increase of speed would ultimately produce so heavy a 
strain upon the slender neck uniting the two balb as to sunder it ; 
and thus a world would set up its independence from the Sun, 
though still yielding him a loyal allegiance in becoming his faithful 
attendanL 

We shall have no occasion to quarrel with any of these eminent 
scientific men regarding the history of the bodies composing the 
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solar system, and the manner of their building. Both may be 
right, for aught we need to know in dealing with our present 
question. It is certain that planets abound ; and the remarkable 
harmony which they display regarding the direction of their axial 
motion at least suggests that once there was some sort of 
physical connection. Prophecy is not the province of this paper ; 
hence no prediction is ventured concerning what the future will 
disclose with reference to the rotation of Urajius and Neptune. 
At least six planets, as well as the central luminary of the solar 
system, turn on their axes in the same direction. 

But what about the uniformity of the rate of rotation these 
bodies have continued to maintain ? Have any of them changed 
their axial velocities ? According to a law already quoted, if 
they have contracted, that would cause their rotation to become 
increasingly rapid. But is there some mysterious brake, some- 
where in space, that can operate to diminish the speed of motion 
on the axis ? It is hardly possible that Mercury and Venus 
should not once in the ages of antiquity have been turning faster 
than at present. How is it that now they are keeping the same 
face toward the Sun? Young, in his "General Astronomy," 
has said regarding the rotation of Jupiter: ' ' The great red spot 
has given values ranging from 9** 55" 34*. 9 (in 1879) ^^ 9** 55" 
40*. 7 (in 1 886), the time of rotation as determined in each case 
being certainly accurate within half a second." If the Princeton 
astronomer is right, here is a lengthening of the day by nearly 
six seconds in seven years.* This is a question oi fcLCt^ and not 
of theory ; and its answer is within the reach of the telescopes 
of the present day. Has the Sphinx propounded another 
riddle ? The friction of the tides may be suggested as a possible 
explanation. But what about the neutralizing influence upon the 
tides, when satellites are scattered about profusely ? The query 
naturally arises, whether it is possible \ki2X Jupiter' s axial motion 
will ever diminish, so that the nearest satellite will revolve in a 
period shorter than that of the planet's rotation. If so, we shall 
then have the behavior of Mars and Phobos duplicated. In such 
a case Mr. Darwin's theory of tidal evolution may need some 
modifications to adapt it to the case in hand. No attempt will 
here be made to disparage the argument of this eminent English 



* It should be noted that different markings on Jupiter^ even in the same latitude, give 
different values for the rotation period; and it is at least possible that all of the visible 
markings are in motion relatively to the planet's surface. 
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mathematician. No effort is to be put forth to cause any one to 
doubt that the tides on Mars may have influenced the orbital 
motion of Phobos, This discussion will pertain to a question 
entirely independent of that. The attempt will be made to show 
that the day (ni Mars is gradually grawijig lo7iger. 

At favorable opposition, the planet is only a little over thirty- 
five million miles away from us. The opportunities for advan- 
tageous observation are frequent enough for astronomers to have 
some idea of the surface and climates of the various portions of 
the globe. Enough is known of the polar caps to make it almost 
absurd to claim that they can be any thing else than snow or ice. 
They have a diameter almost identical with that of the frigid 
zones, and have the poles of the planet as their approximate 
centers. When the northern hemisphere is in a position analo- 
gous to that which upon the Elarth produces summer, the arctic 
cap disappears, and the southern one gradually grows to its full 
proportions. But when half the Martian year rolls round, the 
northern cap becomes a prominent object, while the one about 
the opposite pole slowly vanishes. The planet's equator is in- 
clined 24° 50' to the plane of its orbit; hence its frigid zones are 
similar to those upon the Earth, except that they are a little 
larger in proportion to the size of the sphere upon which they 
are situated. The year upon that globe is a little over twenty- 
two months long, as we count time; hence the arctic winter must 
last nearly or quite eleven months. The planet is farther from 
the Sun than we are; and this would naturally cause the winters 
there to be colder and longer in proportion to the length of the 
year than we have them here upon the Earth. 

ScHiAPARELLi*s map represents Mars as having but one 
ocean of any real magnitude, and that is situated almost wholly 
in the southern hemisphere. During the time that the northern 
snow-cap is forming the Sun's most potent influence is felt just 
south of the equator, in that part of the ocean lying within the 
torrid zone. Hence the vapor that is ultimately converted into 
the snow that goes to form the cap, must come mainly, if not 
entirely, from the southern hemisphere. Now, this great volume 
of water is transferred to the polar regions by means of the 
atmosphere. Here upon the Earth the clouds that become 
vehicles to transport moisture between places widely separated, 
do not appear to affect, in the least, the Earth's axial motion. 
Whatever results might be produced that way, if they are worth 
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considering at all, must be more or less like the friction of the 
tides, and could hardly operate to accelerate rotation. Indeed, 
if tides destroy momentum, the broad currents in the great 
oceans of air would doubtless exert a kindred influence, rather 
than the opposite. However, nothing is based upon this, other 
than that the transfer of water from the ocean in the southern 
hemisphere to the northern polar regions is accomplished with- 
out appreciable alteration in the planet's period of rotation. 
Now, when the moisture, which came from the ocean in close 
proximity to the equator, left its home upon the sphere, the swift- 
ness of the planet's motion in those regions had given it con- 
siderable momentum. Whether or not any of its energy was 
dissipated into space during the long journey northward, which 
is not at all improbable, when it settled down again upon the 
planet, it took up a position so much nearer the axis of the rotat- 
ing sphere, that the leverage which it had, to act upon that body, 
was so reduced that it could not possibly restore all that it had 
taken away. Here in its new position its motion due to the 
rotation of the globe is very slow. As has been said, the 
Martian winter in the polar regions would doubtless be not far 
from eleven months long, nearly twice that of the corresponding 
seasons in the frigid zones upon the Earth. Accepting Mr. 
Campbell's estimate that the atmosphere on Mars is not more 
than one fourth as dense as that to which we are accustomed, and 
at the same time taking into account the fact that the area cov- 
ered by the water on the planet just named is only about two 
thirds as great in proportion to the size of the sphere as the 
oceanic surface of the E^rth, it is certainly far within bounds to 
estimate the average depth of snow in the northern cap, when it 
attains its maximum, to be two feet. 

Snow left undisturbed for so long a time as this remains in 
place, becomes packed extremely hard. Even when the super- 
ficial gravity is but a fraction of what it is upon the Earth, such 
snow would yield a large percentage of its bulk in water, when 
the advent of spring would cause it to melt. Experiments per- 
formed upon snow only moderately compressed show that it will 
yield about 40 per cent, of its bulk in water. Professor Pickering, 
in the October, 1892, number of Astronomy and Astrophysics^ 
states that the cap covered the polar regions down to 65° north 
latitude. That makes its area a zone with a radius of 25^, having 
the pole as its approximate center. Though the planet is really 
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a spheroid^ its eccentricity is so small that, for all practical pur- 
poses, we shall admit no appreciable error in regarding the cap 
as covering a zone of a sphere. From geometry, such an area 
equals the altitude of the zone multiplied by the circumference of 
a great circle. Supplying the figures for a planet whose radius is 
2,100 miles, we obtain as the area of the cap almost exactly 
2,600,000 square miles. This area, reduced to square feet and 
multiplied by the estimated two feet, as the average depth of 
snow, gives the volume as 145 trillion* cubic feet, which would 
yield 58 trillion cubic feet of water. We are accustomed in our 
laboratory experiments to think of water as weighing 62^ 
pounds to the cubic foot. But upon Mars surface gravity is only 
38 per cent, as great as here ; therefore a cubic foot of water 
there, weighed by our spring balances, would weigh only 23^ 
pounds. This makes the weight of the cap about i}i quadrillion 
pounds. 

The planet is an oblate ellipsoid, whose equatorial diameter is 
about 4,200 miles, and the polar diameter some twenty miles less. 
The integral calculus gives the volume of such a solid as some- 
thing over 38^ billion cubic miles, and the exact figures being 
reduced, make the result a little more than 5^ sextillion cubic 
feet. As has already been stated, one cubic foot of water at the 
Earth's surface weighs 62^ pounds. The average cubic foot of 
the Earth weighs 5.58 times as much, or 348 J^ pounds. But the 
density of Mars being only 73 per cent., and surface gravity 
0.38, one cubic foot of that planet, weighed upon its own surface, 
would give a result of 96^ pounds. Multiplying this by the 
volume in cubic feet, we find that Mars weighs just a little short 
of 550 sextillion pounds — that is, fifty-five with twenty- two 
ciphers annexed. 

Now, if we are to determine the influence of the snow-cap 
upon the planet, we must separate the weight of each from the 
other. But the figures last given consist of the total weight of 
everything on the sphere and within it. Preserving the signifi- 
cant figures in the exact computation down to billions, and 
deducting the weight of the cap from the total weight, we obtain 
for the weight of the planet^ exclusive of the cap, about §4g\ sex- 
tillion pounds. 

According to mechanics, momentum is the product of mass 



* The American and French system of notation will be employed in the figures it 
becomes necessary to use. 
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and velocity. But the velocity of ^fars due to rotation is neither 
that of the swiftest particle, which is situated on the equator, nor 
that of one located on the axis, where the speed reduces to zero. 
But there must be a mean, or representative, particle, situated 
somewhere between these two extremes. Now, either the north- 
ern or southern hemisphere may be regarded as generated by 
the revolution of one fourth of an ellipse about the semi- minor 
axis. The mean particle in this quarter-ellipse will, of course, 
reside at its center of gravity. The opposite hemisphere from 
that treated first, would give as a result for its center of gravity 
a distance from the minor axis the same as the other, and the 
representative particle for the whole planet would be at the middle 
of the line joining the two centers of gravity just described. 
Thus the radius of gyration for Mars would have a length equal 
to the distance of that point from the polar axis of the planet. 
Summoning the integral calculus again to our assistance, we find 
the radius sought to be 891.2 miles. This means that during 
one rotation oi Mars the representative particle describes a circle 
whose radius is the length just given. This it does in one 
Martian day, which, at present is 88,642.67 seconds long. A 
simple arithmetical calculation will show that its speed is 333. 542 
feet per second. Since momentum is the product of mass and 
velocity, and these two factors now are known, the planet, exclu- 
sive of the cap, has a momentum of fSj^^ septillion foot-pounds, 
a number consisting of twenty-seven figures. 

Now, the cap at its maximum covers a zone of one base 
whose radius is twenty five degrees, the pole being the center of 
the same. Let two opposite meridians of the planet be con- 
ceived as drawn : then if a plane bisect the sphere in such a way 
as to include these two meridians, and that plane be extended so 
as to cut this northern snow-cap into halves, the section formed 
would be a crescent. The produced axis of the planet would 
bisect this section. One of these two half-crescents may be re- 
garded as a triangle, two of whose sides are arcs of circles, with 
sides twenty- five degrees long and described by radii a little 
greater than the semi-major axis of the planet. The calculus 
shows that this radius is almost exactly 2, 1 10 miles long. The 
third side of this triangle is a straight line whose length is equal 
to the depth of the snow at the pole. While this semi-section of 
the ice-cap is not a triangle in the common acceptation of that 
term, for our present purpose it is near enough to it for the law 
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about to be introduced to be applicable. According to mechan- 
ics, the representative particle in this quasi-triangle will reside on 
the medial line (here an arc) one third of the distance from the 
base to the vertex. This locates it 8° 20' from the pole. The 
perpendicular distance of this point from the axis of the planet, 
according to trigonometry, is 305 J^ miles. The velocity of the 
snow-cap due to the planet's axial motion is that of this mean 
particle, which in one Martian day, at the present rate, describes 
a circle whose radius is 305^ miles, in 88,642.67 seconds. This 
makes the velocity of the cap 1 14.4 feet per second. The factors 
are now both known for finding the momentum of the ice-cap ; 
and their product makes it a little more than 137% quadrillion 
foot-pounds, while the material 0/ the cap lies in the arctic regions. 
Reference has been made to Schiaparelli's map of Mars, 
An examination of it will reveal the fact that a very large pro- 
portion of the so-called canals lead from the north polar regions 
directly to the ocean. Mr. Lowell, who has given this planet 
special study, expresses the belief that these markings are stretches 
of country containing luxuriant vegetation, and that the soil is 
rendered productive by a central watercourse. He concludes 
that these channels convey the fluid product of these annually 
recurring snow- caps back to the ocean. Whether that explana- 
tion be the true one or not, if the vapor that becomes snow and 
goes to form these caps comes from the ocean, it must find its 
way back to it again, else it would not take many years to drain 
it of all its contents. As that body of water is almost wholly in 
the southern hemisphere, the annual flow of water from the 
arctic regions must cross the equator to reach the ocean. Then 
at the crossing- point, this melted snow attains a velocity due to 
axial motion equal to the swiftest particle on the planet. But 
it will hardly be fair to compute its momentum for that locality, 
and say that it has gained the difference between that and what 
it had while lying in the frigid zone. When the cap was in 
process of formation the southern hemisphere had summer; and 
the evaporation of water that entered into the material compos- 
ing the cap took place south of the equator, mainly in the torrid 
zone. It will certainly be fair to estimate the vapor as coming 
from an average distance of 20° south of the equator. To pre- 
serve the equilibrium it must necessarily return to the places 
whence it came. Then, whatever influence this water-flow has 
for the twenty degrees after crossing the equator would be coun- 
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terbalanced by that of the last twenty degrees before that line 
was passed. Hence the ultimate effect would be produced at 20° 
north latitude. Here the radius of gyration would be 1972.2 
miles. The velocity of a point upon the surface at that locality, 
found just as before, is — at present — 738.1 feet per second. 
Then, the momentum of the cap, when its material is returned to 
its original resting-place in the ocean bed, is 1,016^ quadrillion 
foot-pounds. But the momentum obtained for it before it left 
the frigid zone was a little over 157}^ quadrillion foot-pounds. 
Hence the increase in momentum was more than 858 quadrillion 
foot-pounds. But this gain had to be imparted to it by the 
planet, or what the cap gained the rest of the planet lost. 

It is evident that the material composing both planet and 
snow-cap together is not a variable quantity — that is, the joint 
mass is constant. Now, since momentum is the product of mass 
and velocity, if the momentum suffer a decrease, the result must 
be a diminished velocity. To find what this factor is under the 
new conditions, we must divide the joint momentum by the total 
mass. Supplying the exact figures, and performing the indicated 
division, the quotient obtained is 333.54177166 feet per second. 
Now, this is the velocity of the mean particle which is, as before 
shown, 891.2 miles from the axis of rotation. When particles 
describe the same circle at different velocities, their times are 
inversely proportional to their velocities. Hence the new velocity 
is to the old as the old period is to the new. Substituting values* 
we have the proportion — 

333-54177166 : 333.542 :: 88.642.67 : 88,642.76. 

From this we see that the day has been lengthened by 0.09 of a 
second by one transfer of the material of the snow-cap from the 
ocean to the north pole and back again. The southern cap 
doubtless influences axial velocity to some extent ; but the con- 
ditions under which it acts are very different from those of the 
northern one, and cannot be discussed here. If the northern 
cap produces the effect here indicated, it would require only 
680,000 Martian years, or 1,275,000 of our years, to change the 
length of the day by 17 hours. This is equivalent to saying that 
so long ago the day there might have been only 7** 37"* 22V67 
long, which is shorter than the orbital period of Phobos, the 
inner satellite of Mars. 

The reader should not receive the impression from the pre- 
ceding argument that the writer considers it established that 
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680,000 years ago, or even twice or thrice that period. Mars was 
rotating at any such rate of speed as indicated in the foregoing 
figures. That there have been, and still are, influences at work 
to counteract, in part, the effects of these spring freshets, has 
not escaped notice. 

In the first place, as the water returns from the frigid zone 
and flows into the northern portion of the ocean bed, the water- 
level would be preserved by a sort of tide, setting in toward the 
south pole. And the eastward motion of this tide, due to the 
planet's rotation, being greater than the velocity of the antarctic 
regions, toward which it approaches, would tend to accelerate 
rotation. But it will be apparent that the next time evaporation 
takes place to form a second northern snow-cap the water comes 
from the same regions as before; and a northward flowing tide, 
to fill up the place of that which was evaporated, would counter- 
act the influence of the former tide-wave. 

In the second place, there is doubtless some influence exerted 
by the vapor, as it is suspended in the atmosphere while it is 
making its journey northward from the ocean bed to its place 
of long repose in the polar regions. The eastward impetus that 
rotation had given it would make its motion swifter than that of 
the lands beneath it as it approached the frigid zone, and a 
northeast wind would be the result. Though trade- winds do not 
seem to have any influence upon the Elarth's rotation, it may be 
possible that the friction of this vapor- laden atmosphere would 
slightly accelerate the axial motion of Mars, 

In the third place, all the writers on cosmogony agree that 
the planets began independent existence in a very heated con- 
dition, and gradually cooled, by the radiation of their heat. 
When Mars first experienced a snowfall at the pole, the quantity 
must indeed have been quite insignificant. This depth of two feet 
which has been employed in our estimate was not attained, till 
snow had been falling there perhaps a million years or more. 
This fact does not, of course, argue against what has been 
claimed. It merely goes to show that the forces that have been 
at work to destroy the planet's axial motion, have needed longer 
time to accomplish their results. 

And now perchance some one may say that the material of 
the snow-cap does not come from the ocean, but from some other 
source. As to that, it must come from somewhere. Evaporation 
of water must take place where it is warm enough to cause it. 
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The snow cannot have come from the pole, nor from any source 
beneath the cap. Snow descends from the atmosphere. It can- 
not have come from the cap itself ; for that does not exist for 
about half the year. It must have had its origin from some 
body of water nearer the equator than itself In any such case, 
the argument of the foregoing computation maintains its force ; 
for the water of which it is composed must return to the place 
whence it came, else the supply would soon be exhausted. 

So it would appear, at least to an amateur in the study of 
astronomy, such as the writer frankly confesses himself to be, 
that, when the material of the Martian snow-cap moves from a 
position near the axis of rotation to one more remote from, it^ 
m4)mentum must be tost. As the counteracting influences all 
combined are insufficient to restore what has been taken away, 
axial velocity must be diminished, and the day on Mars must 
be slowly but surely growing longer. 
Park College, Parkville, Mo., December, 1898. 



THE CONSTANT OF ATTRACTION. 



By Frederick H. Seares. 



In view of the confused designations of the constant of attrac- 
tion as given by many writers upon theoretical astronomy, it is 
perhaps worth while for the benefit of students to call attention 
to its true significance. 

Newton's law of attraction states a proportionality between 
the force of attraction exercised by two bodies, on the one hand, 
and the product of their masses divided by the square of the 
distance between them, on the other. In practice it is convenient 
to express this law in mathematical symbols in the form of an 
equation, the proportionality being converted into an equality by 
the introduction of a constant factor whose numerical value de- 
pends upon the numerical values employed for the fundamental 
units. Assuming the law of gravitation to be accurately true 
for all parts of space, this factor, which may be called the con- 
stant of attraction, is a true constant of the universe. Its value 
changes only with a change in the fundamental units. 

The law of attraction therefore takes the form 

C (mass) X (mass) 

Force = A (mass) X (acceleration) = —, (i) 

(distance)* 
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where C is the constant under consideration, and -^4 is a numeri- 
cal quantity, usually unity, introduced to bring about an equality 
between the force and the product of the mass into the accelera- 
tion. Considered as an equation of dimensions, (i) is of the form 

m I f^ = C m m l~^ (2) 

from which it appears that C is of the dimensions m~^ /' /"', mass, 
length, and time being the fundamental units. It has upon occa- 
sion seemed desirable to express mass as a derived unit of the 
dimensions /' /"*, in which case Cis an abstract number. With 
the introduction of this new conception of mass it is to be noted 
that either A must be thought of as a dimensional quantity or a new 
conception of force must be adopted. With the usual conception 
of mass, C is a dimensional quantity of the form /' /"'; with the 
new conception it is an abstract number; it is never a force or an 
acceleration, as is frequently stated, for it has the dimensions of 
neither of these quantities, although under certain circumstances 
it may become numerically equal to them. For example, if in 
(i) the masses and the distance are all unity, then C, the force, 
and the acceleration are all numerically equal. It is on account 
of this fact that confusion has arisen ; and simple as the matter is, 
it is often something of a puzzle to the student who has arrived 
at this p>oint in his advance. 

The constant of attraction appears in two different classes of 
problems. • First, in problems involving the relative motions of 
the members of the solar system. It is then called the Gaussian 
constant of planetary motion, and is denoted by the symbol kK 
Secondly, it appears in problems involving the forces, accelera- 
tions, etc. , due to gravitation and weight, in small masses on or 
near the surface of the earth. In this connection, it is called the 
constant of gravitation, and is usually designated by the symbols 
k or G, The principle involved in the use of the constant is 
precisely the same in the two cases; the only difference is one 
of numerical value. 

The theory of elliptical motion leads to the equation 

k = 27ra^ 

where Af and m are the two attracting masses, a their mean dis- 
tance, and Z'the period of revolution about their common center 
of gravity. This equation, combined with observations upon 
members of the solar system, gives the numerical value of the 
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Gaussian constant of planetary motion. As originally defined by 
Gauss, its value depended upon the mass of the Sun as the unit 
of mass, the mean solar day as the unit of time, and the mean 
distance of the Earth from the Sun as the unit of distance. 
Since the original evaluation of the quantity by Gauss, more 
accurate values have been obtained for both the mass of the 
Earth and its period of revolution about the Sun, and in the 
future doubtless still more accurate values will be found for these 
quantities. It is evident that if we are to adhere strictly to the 
best determinations of these quantities that changes must be 
made from time to time in k^. But extensive tables have been 
computed with the original value of the constant, and any change 
in its value would lead to much inconvenience. It has seemed 
best, therefore, to retain unchanged the value of ^' as given by 
Gauss, and to vary the unit of distance as occasion demands, so 
that upon the introduction into (3) of improved values of m and 
Ty the equation is still satisfied. 

The value to be used for k is therefore 

k = 0.017 202 098 95; or, log k = 8.235 581 441 4 — 10 

and using 

T= 3652563574 ^ = 1:330000 

the resulting value of a is given by 

log a = 0.000 000 009 9 

from which it follows that the corresponding unit of distance is 
0.999 999 977 2 of the mean distance of the Earth from the Sun. 

In this connection, see Gauss's Theoria Afotus, First Book, 
First Section ; also, v. Oppolzer*s Lehrbuch zur Bahnbestim- 
mung der Kotneien und Pianeten^ Vol. I, p. 48. 

The value of the constant as it appears in the second class of 
problems, depends ordinarily upon the centimeter-gram-second 
system of units. It is possible to determine this value directly 
from equation (3) ; it can also be obtained from the value of the 
Gaussian constant by multiplying by the number which will 
make the transfer from the one system of units to the other; but 
a much more accurate method is afforded by equation (i) when 
applied to the results of experiments for the determination of the 
mass and mean density of the Earth. In this case we must 

measure the force expressed by G ■ ,.{ -\ the masses m and i», 

and the distance d being known. They may be the mountain and 
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the plumb-bob, as in the experiment of Maskelyn, or the surface 
strata of the Earth and the plumb-bob, as in the experiment of 
Airy, or two spheres of known mass, as in all the various forms 
of the Cavendish experiment. It may be remarked that the 
gravitation constant being known, the mean density of the Earth 
follows from the equation 

G — -^- = weight of m, = m,g 

GV 

where R and V are the radius and volume respectively of the 
Earth, and g the acceleration due to gravity. It is not necessary, 
however, that G be known in order to determine 8, for the ex- 
periment may be so varied as to eliminate G from the problem. 
The result of the most recent determination, that of Father 

Braun, is ^ 

G = 0.000 000 066 552 13 

To recapitulate : The Gaussian constant, ^', and the gravita- 
tion constant, k or G^ are to be interpreted physically in exactiy 
the same way; neither is ever force, mass, or acceleration; both 
are dimensional quantities of the form m'^ /' ^^ when, as is usual, 
mass, length, and time are the fundamental units. If mass be 
thought of as a derived unit of dimensions /' /"*, the constants are 
abstract numbers; but in any case their office is to convert into 
an equality the proportionality expressed by Newton's law, and 
their only difference, which is a numerical one, arises from the 
difference in the system of units in the two classes of problems in 
which these constants occur. 

The following are references to some of the more important 
papers treating of the determination of the mass and mean den- 
sity of the Earth and the gravitation constant: — 

V. Jolly. Abhandlungen d, 2, Kl, der Munch, Akad, XIII, 
I. Abth. S. 155-176. 1878: Ann, d, Phys, u. Chem, Neue 
Folge. XIV. S. 331-355. 1881 : Munch, Akad, XIV. 2. 
Abth. S. 1-26. 1883. 
Wiedemann's Ann, Bd. 5, S. 112: Bd. 14, S. 331. 

PoYNTiNG. Proc, of the Royal Society of London, XXVIII, 
p. 2, 1878. 
PhilosophiccU Transactions y vol. 182, p. 556. 
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Mean Density of the Earth; which is the Adams prize essay 
for 1893. Griffin: London, 1894. 

WiLSlNG. PubticaHonen des Astrophysikatischen Observatoriums 
zu Potsdam^ Nr. 22. 

Boys. Phitosophicat Transactions ^ vol. 186. 

Braun. Denkschriften der Kaiseriichen Akad. zu Wien, Bd. 64. 

Popular accounts and reviews of some of the above methods 
are to be found in 

Nature, vol. 50, pp. 330, 366, 417; vol. 56, p. 127. 
Himmel und Erde^ Bd. X, p. 385. 

Vierteljahrschrift der Astronomischen Geseiischaft, Bd. 24, 
p. 18. 

Poynting's prize essay contains a valuable historical account 
of the subject. 

ASTRONOMICAL OBSERVATIONS IN 1898. 



Made by Torvald Kohl, at Odder, Denmark. 
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* Vide the sketch in Publications A, S. P., No. 34, page 37, and the observations in 
No. 48, page 71. 
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* Vide the sketch in the Publications A. S. P., No. 60. page aj. 
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The Red Star near { Tauri. 

The star No. 144 in Chandler's (No. 121 in Birmingham's) 
Catalogue of red stars, mentioned in the Publications A. S. P., 
No 61, page 72, has not in the past year shown any remarkable 
variations. On several dates I have looked out for this star = 
BD. 20°. 1083, and have compared it with its neighbor, the star 
BD. 20°. 1073. When the ocular-tube was screwed out until 
the stars appeared as pale discs, I always found the red star fainter, 
contrary to what was the case in preceding years. 
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Aurora Borealis, 

A most magnificent display of northlight was seen here 
in Denmark on the night of September 9-10. In Odder I 
observed the phenomenon from 8*" 30° to ii** 15" P.M., and 
noted all remarkable circumstances. At 9** 30" and again at 
9*" 42" the corona appeared near c Cygni. At this moment 
the electric bells in the great telegraph station at Fredericia 
rang without any visible cause, and the telegraphic service 
was disturbed for hours during the auroral displays. A very 
large sun-spot crossed the Sun's central meridian at this very 
time, and its connection with the northlight is evident. Also 
it may be noted that we had very hot weather, unusual for 
the season, in the beginning of September, October, and Novem- 
ber — and every time large sun-spots were observed. 



PLANETARY PHENOMENA FOR MARCH AND 

APRIL, 1899. 



By Professor Malcolm McNeill. 



March. 

Mercury is an evening star during the whole month, and for 
the latter half of the month it is far enough away from the Sun 
to be seen in the evening twilight. It comes to greatest eastern 
elongation with the Sun on March 24th, and on that date sets 
a little more than an hour and a half after sunset. 
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Venmi is still a morning star, having passed its greatest west- 
ern elongatioa on February loth. Owing to its greater south 
declination the interval between the time of sunrise and the 
rising of the planet is much less than the interval between times 
of transit, and at the close of the month the former interval is 
only a little more than an hour and a half. During March Venus 
moves 36° east and 8^ north through the constellation Capricorn 
into Aquarius, The Moon passes a short distance north of the 
planet on the morning of March 8th, and will occult it for some 
places. 

Mars sets somewhat earlier than before, but still remains above 
the horizon until long after midnight. It is in the constellation 
Gemini^ and moves 6° eastward and 2° southward from a point 
7° south of Castor {aGeminorum), the northerly one of *'the 
twins,** to a point nearly on the line from Castor to Pollux 
(P Geminorum)^ and at a distance from the latter about equal to 
the distance between Castor and Pollux. Its distance in millions 
of miles from the Earth increases from 80 to 103, and its brightness 
diminishes nearly in the ratio of the inverse squares of those 
numbers. 

Jupiter is gradually getting into position for evening observa- 
tion. At the close of the month it rises before 9 p. m. It is in 
the western part of the constellation Libra, and moves about 
2° westward and 1° northward away from a Libra and toward 
Spica (a Virginis). 

Saturn rises two hours earlier than in February. It lies on 
the border of the constellations Ophiuchiis and Sagittarius^ and 
moves about 1° eastward during the month. 

Uranus rises about an hour earlier than Saturn. It is in the 
constellation Scorpio, about 5° north of the principal star, Antares, 
and it moves a fraction of a degree westward during the month. 

Neptune is in the extreme eastern part of Taurus. 

April. 

Mercury is an evening star at the beginning of the month, 
setting considerably more than an hour after sunset, but it rapidly 
approaches the Sun, and passes inferior conjunction on April 
1 2th. It then rapidly recedes from the Sun, and by the end of 
the month rises nearly an hour before sunrise. 

Veni4S and the Sun are coming nearer together, and by the 
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end of the month the planet rises less than an hour and a half 
before sunrise. It moves 33° eastward and 11° northward 
through the constellation Aquarius into Pisces, 

Mars is still above the horizon until after midnight. It is in 
the constellation Gemini at the beginning of April, and during 
the month it moves about 12° eastward and 3° southward from a 
point nearly on line with Castor and Pollux to a point between 
y Cancri and the '* bee-hive" cluster in Camer, It reaches its 
maximum distance from the Sun on April 8th, and its distance 
from the Earth increases from 103.000,000 to 130,000,000 miles. 

Jupiter is above the horizon nearly the entire night, and it 
comes to opposition with the Sun on April 25th. It moves west- 
ward about 3° and northward i^. It lies between a Libra and 
a Virginis, a little nearer the former, and toward the close of the 
month is about [° north of y Virginis, 

Saturn toward the close of the month rises at a little after 10 
p. M. It is in about the same position among the stars as before; 
but on April 2d it begins to retrogade; and at the end of the 
month it is in just about the same position it occupied on 
March ist. 

Uranus rises two hours earlier than during March, and has 
about the same position among the stars. It is about 5° north 
of Antares (a Scorpii), and moves a little less than 1° westward. 

Neptufie retains its position in Taurus, 

Explanation of the Tables. 

The phases of the Moon are given in Pacific Standard time. 
In the tables for Sun and planets, the second and third columns 
give the Right Ascension and Declination for Greenwich noon. 
The fifth column gives the local mean time for transit over the 
Greenwich meridian. To find the local mean time of transit for 
any other meridian, the time given in the table must be corrected 
by adding or subtracting the change per day, multiplied by 
the fraction whose numerator is the longitude from Greenwich 
in hours, and whose denominator is 24. This correction is 
seldom much more than i"*. To find the standard time for the 
phenomenon, correct the local mean time by adding the differ- 
ence between standard and local time, if the place is west of the 
standard meridian, and subtracting, if east. The same rules apply 
to the fourth and sixth columns, which give the local mean times 
of rising and setting for the meridian of Greenwich. They are 
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roughly computed for lat. 40°, with the noon Declination and 
time of meridian transit, and are intended as only a rough guide. 
They may be in error by a minute or two for the given latitude, 
and for latitudes differing much from 40° they may be several 
minutes out. 

Phases of the Moon, P. S. T. 



Last Quarter, 


Mar. 4 


H. M. 

,87?. M. 


Apr. 3, 


H. M. 

3 56 A. M. 


New Moon, 


Mar. II 


, 11 


I 53 A. M. 


Apr. 9, 


10 21 P. M. 


First Quarter 


, Mar. 18 


♦ 7 


r 24 p. M. 


Apr. 17, 


2 43 P. M. 


Full Moon, 


Mar. 26 


, 10 18 P. M. 


Apr. 25. 


II 22 A. M. 










The Sun. 








es t\ 


R. 


A. Declination. 


Ris*s. 


Transits. 


Sets. 


1898. 


H. 


14. 





/ 


H. M. 


H. 


M. 


H. M. 


Mar. I. 


22 


49 - 


- 7 


33 


6 39 A.M. 


12 


13 P.M. 


5 47 P- M. 


II. 


23 


26 - 


- 3 


41 


6 22 


12 


10 


5 58 


21. 





2+0 


16 


6 6 


12 


7 


6 8 


Apr. I. 





42 - 


- 4 


34 


5 49 


12 


4 


6 19 


II. 


I 


19 - 


- 8 


21 


5 33 


12 


I 


6 29 


21. 


I 


56 ^ 


- II 


53 


5 18 


II 


59 A.M. 


6 40 


May I. 


2 


34 -1 


- 15 


5 


5 5 


II 


57 A.M. 


6 49 










Mercury, 








Mar. I. 


22 


58 - 


- 8 


27 


6 50 A.M. 


12 


21 P.M. 


5 52 P.M. 


II. 





7 H 


- 


25 


6 50 


12 


51 


6 52 


21. 




6 - 


- 8 


56 


6 40 


I 


II 


7 42 


Apr. I. 




35 - 


-i3 


22 


6 10 


12 


56 


7 42 


II. 




21 - 


- II 


3 


5 22 


12 


M. 


6 38 


21. 




I - 


- 6 


13 


4 45 


II 


4 A.M. 


5 23 


May I. 




6 - 


- 4 


26 


4 15 
Venus. 


10 


30 A.M. 


4 45 


Mar. I. 


19 


46 - 


- 19 


14 


4 17 A.M. 


9 


9 A.M. 


2 I P.M. 


II. 


20 


32 - 


- 17 


40 


4 18 


9 


16 


2 14 


21. 


21 


19 - 


- 15 


16 


4 16 


9 


23 


2 30 


Apr. I. 


22 


9 - 


- II 


47 


4 10 


9 


30 


2 50 


II. 


22 


54 - 


- 8 


I 


4 3 


9 


36 


3 9 


21. 


23 38 - 


- 3 


49 


3 53 


9 


41 


3 29 


May I. 





22 - 


f- 


38 


3 43 


9 45 


3 47 












Mars. 








Mar. I. 


7 


27 - 


f 25 


37 


I 14 P.M. 


8 


49 P.M. 


4 24A.M. 


II. 


7 


30 - 


f 25 


II 


12 40 


8 


13 


3 46 


21. 


7 38 " 


f 24 


36 


12 12 


7 


42 


3 12 


Apr. I. 


7 


50 - 


f23 46 


I I 44 A.M. 


7 


II 


2 38 


II. 


8 


5 ■ 


\- 22 


51 


II 23 


6 


46 


2 9 


21. 


8 


21 - 


-h 21 


47 


II 5 


6 


23 


I 41 


May I. 


8 


39 ■ 


f 20 


32 


10 48 


6 


I 


I 14 
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Jupiter. 

Mar. I. 14 33 — 13 35 10 45 P.M. 3 58 A.M. 9 II A.M. 

Apr. I. 14 25 — 12 54 8 34 I 49 74 

May I. 14 II — II 43 6 12 11 32 p.m. 4 52 

Sa turn. 

Mar. I. 17 29 — 21 50 2 12 A.M. 6 54 A.M. 11 36 A.M. 

Apr. I. 17 33 —21 50 12 3 II 4 55 9 37 

May I. 17 30 — 21 47 10 13 P.M. 2 55 7 37 

Uranus, 

Mar. I. 16 25 — 21 32 I 7 A.M. 5 50A.M. 10 33A.M. 

Apr. I. 16 24 — 21 31 II 4 P.M. 3 47 8 30 

May I. 16 21 — 21 23 9 3 I 46 6 29 

Neptune 

Mar. I. 5 25 +21 54 II 29 A.M. 6 48P.M. 2 7A.M. 

Apr. I. 5 26 4- 21 57 9 28 4 47 126 

May I. 5 29 4- 22 o 7 33 2 52 10 11 p.m. 

Eclipses of Jupiter's Satellites, P. S. T. 

(Off left-hand limb as seen in an inverting telescope.) 



11, 


D, 


Mar. I. 


8 


5 P.M. 


II. D, 


Apr. 2. 


7 


44 P.M. 


I, 


. D. 


3. 


II 


13 


I. D, 


3. 


I 


14 A.M. 


11, 


D. 


8. 


10 


40 


I. D, 


4- 


7 


43 p. M. 


I, 


, D, 


II. 


I 


6 a.m. 


II. D, 


9. 


10 


20 


I 


, D, 


12. 


7 


34 P.M. 


I. D, 


10. 


3 


A. M* 


II 


. D. 


16. 


I 


15 A.M. 


I. D, 


II. 


9 


36 P.M. 


I 


, D, 


18. 


2 


59 


I. D. 


17. 


12 


56 A.M. 


I 


, D, 


19. 


9 


28 P.M. 


I. D, 


18. 


II 


30 P.M. 


III 


, D. 


20. 


8 


49 


I. D, 


20. 


5 


58 


in, 


, R. 


20. 


10 


27 


III, D. 


25. 


4 


40 


II 


, D, 


23. 


3 


50 A. M. 


III. R. 


25- 


6 


14 


I 


, D, 


26. 


II 


21 P.M. 


II. R, 


27. 


7 


5 


III 


, D, 


28. 


12 


46 A.M. 


I. R. 


27. 


9 


59 


III 


, R, 


28. 


2 


24 


I. R, 


29. 


4 


28 



Astronomical Society of the Pacific. 37 

(THIRTY-THIRD) AWARD OF THE DONOHOE 

COMET-MEDAL. 

The Comet-Medal of the Astronomical Society of the Pacific 

has been awarded to C. D. Perrine, Assistant Astronomer in 

the Lick Observatory, for his discovery of an unexpected comet 

on September 13, 1898. 

The Committee on the Comet- Medal. 

James E. Keeler, 

Chas. Burckhalter, 

VVm. M. Pierson. 
January 26, 1899. 

(THIRTY-FOURTH) AWARD OF THE DONOHOE 

COMET-MEDAL. 

The Comet-Medal of the Astronomical Society of the Pacific 

has been awarded to Wm. R. Brooks, of Smith Observatory, 

Geneva, N. Y., for his discovery of an unexpected comet on 

October 20, 1898. 

The Committee on the Comet-Medal, 

James E. Keeler, 

Chas. Burckhalter, 

Wm. M. Pierson. 
January 26, 1899. 

(THIRTY-FIFTH) AWARD OF THE DONOHOE 

COMET-MEDAL. 

The Comet-Medal of the Astronomical Society of the Pacific 
has been awarded to Frederick L. Chase, of Yale University 
Observatory, New Haven, Conn., for his discovery of an unex- 
pected comet on November 14, 1898. 

The Committee on the Comet- Medal, 

James E. Keeler, 
Chas. Burckhalter, 
Wm. M. Pierson. 
January 26, 1899. 



NOTICES FROM THE LICK OBSERVATORY.* 



Photograph of the Great Nebula in Orion, taken with 
THE Crossley Reflector of the Lick Observatory. 

The photograph of the Nebula in Orion, which forms the 
frontispiece of the present number of these Publicalions, is the 
first (and possibly the best) of a considerable number of photo- 
graphs of the same object recently taken with the Crossley 
3- foot reflector of the Lick Observatory. The exposure given 
to the negative was forty minutes, on a Rne, clear night when 
the nebula was only a little east of the meridian. 

The half-tone cut, while not bad as such process illustrations 
go, does scanty justice to the original negative, which is a very 
fine one. Only the most expensive processes ^ive satisfactory 
results in reproducing such subjects as this, and even they are 
much inferior to glass transparencies, which have a far greater 
scale of intensity. On the original negative the mottled details 
of the bright Huyghenian region are shown with much perfec- 
tion, stars are distinct throughout the entire nebula, and the 
trapezium stars are clearly separated, while loops of faint 
nebulosity extend beyond the limits of the plate. In the repro- 
duction these features are practically lost, and there is an abrupt 
transition of brightness,, which is due to a defect of the process. 

In exposing and developing the negative the aim was to 
obtain the best general view of the nebula, and not to show 
its greatest possible extent. Therefore very full exposure was 
given, and the development was stopped long before all the 
nebulosity had appeared which an exposure of forty minutes 
is capable of showing. In this way, as all photographers are 
aware, the contrasts between ditTerently bright parts of an image 
are diminished. 

The photographic power of the Crossley reflector on a fine 
night is surprising, — at least to one who has hitherto worked 

• Lick Astianomiul Ocpaitmcnt of Die Univcriity of CaliCornis. 



4° Publications of the 

with refractors only. In the case of the* Orion nebula, the 
amount of nebulosity shown in the frontispiece is easily obtained 
with an exposure of five minutes, though at the expense of 
all detail in the central parts. The Huyghenian and adjoining 
brighter regions can be photographed in thirty seconds. Com- 
parison with earlier results obtained with the photographic lens 
of the great refractor (33 inches aperture) shows that with the 
Crossley reflector more nebulosity is shown in ten minutes than 
can be obtained with the refractor in three hours. The great 
superiority of the reflector indicated by this test is due partly 
to its much greater angular aperture, and partly to the fact that 
the thick lenses of the refractor strongly absorb the photo- 
graphically active rays of the nebula, which, as shown by the 
spectrum, are largely of quite short wave-lengths. 

It should be added that the large mirror of the Crossley 
reflector has not yet been resilvered. It has been repolished, 
but the surface is spotted and not nearly as bright as it can be 
made. J. E. K. 

Second •Note on the Minor Planet DQ. 

When the little planet DQ was discovered last August by Dr. 
Witt, at the Urania Observatory, Berlin, it was at once noted 
that its motion was very rapid, thus indicating a marked differ- 
ence between its orbit and those of the other asteroids. This 
has been abundantly verified, first by the elements of its orbit 
computed soon after its discovery by Dr. Berberich, and, 
later, by those obtained by Messrs. Chandler, Favet, Hussey, 
Millosevich, and Russell. 

DQ has the shortest periodic time of any asteroid known. 
While all the others require from 3.0 to 8.4 years to complete 
a revolution about the Sun, it requires only 643 days, or 1.76 
years. In the course of forty-four years it makes very nearly 
twenty five sidereal revolutions; so that after this interval it and 
the Earth occupy again at the same time very nearly the same 
positions in their orbits, and therefore sustain to each other nearly 
the same general relations. 

The orbit of DQ is to be classed with those having rather 
high eccentricities. On the average, only one asteroid out of 
seven has a higher value of this element. On account of the 
magnitude of its eccentricity, the distance of DQ from the Sun 
has a range of over 60,000,000 miles, the minimum being a littie 
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more than io5,ocx).ooo, and the maximum about 165,600,000. 
At perihelion it approaches within 14,000,000 miles of the orbit 
of the Elarth, and at aphelion it recedes 24,000,000 miles beyond 
the mean distance of Mars, 

Great interest centers in the planet DQ solely on account of 
the nearness with which it approaches the Earth, and the use 
that can be made of it by reason of this circumstance in deter- 
mining the value of the solar parallax and those of related 
astronomical constants with a higher degree of precision than 
has hitherto been attained. 

It will be remembered that many methods have been pro- 
posed for determining the value of the solar parallax, or its 
equivalent, the mean distance of the Earth from the Sun. The 
attempts to obtain the value of this fundamental constant, the 
unit of astronomical distances, by direct means, have proved 
absolute failures. All the methods giving values at all acceptable 
have been indirect. In these the measurements are made, not 
upon the Sun, but upon other bodies, and for the determination 
of quantities which are known functions of the Elarth's distance 
from the Sun. 

Among such methods, the observations of the transits of 
Venus ^ made at widely separated stations, promised great 
accuracy. But, unfortunately, there were unexpected difficulties, 
and in many cases, even after the observations had been obtained, 
there were uncertainties as to just what had been observed. On 
this account, these observations have received a variety of inter- 
pretations, and in the hands of different computers have yielded 
various discordant values of the solar parallax. 

Gravitational astronomy has furnished several methods of 
obtaining the solar parallax, but always in connection with the 
determination of other astronomical constants, or in some way 
more or less dependent upon them. Thus, it may be deduced 
from the lunar inequality of the Earth's motion, from the paral- 
lactic inequality of the Moon, from the mass of the Earth as 
derived from the secular variations of the elements of the interior 
planets, etc. It may also be obtained by combining the meas- 
ured velocity of light with the light equation, and by combining 
the velocity of light with the constant of aberration. But all 
these constants are in themselves subject to uncertainties, and it 
is highly desirable to obtain the solar parallax independently 
of them, and then to use it, if need be, in verifying their values. 
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The most accurate independent method of obtaining the value 
of the solar parallax that has been practically tested is the meas- 
urement of the displacements of the nearer asteroids among the 
stars about the lime of opposition. Mars has been used for the 
same purpose; but on account of its large disk and other peculi- 
arities, it is not easy to measure its distance from the stars and 
secure results free from large systematic errors. On the other 
hand, the asteroids have precisely the same appearance as the 
fixed stars, and submit to measurement with like facility and like 
precision. In parallax determinations they have already fur- 
nished results among the best. 

Concerted observations were made in 1888 on the planet Iris^ 
and in 1889 on Victoria and Sappho at the Cape of Good Hope, 
in the southern hemisphere, and, in part, at New Haven, Gottin- 
gen, Leipzig, Bamberg, and Oxford, in the northern hemisphere, 
from which the following very accordant values of the solar paral- 
lax have been derived: — 

Weight. 

2.69 
0.77 
1.23 

These separate values have an extreme variation of only 139 
ten-thousandths of a second of arc, or the angle which a foot 
rule would subtend at a distance of 2,810 miles. This sufficiently 
indicates the precision attainable by this method. We are not 
to suppose, however, that the results here quoted have the 
accuracy demanded by modern astronomy. This may be 
appreciated the better, when we remember that a difference of 
only o".oi39 in values of the solar parallax corresponds to 
nearly 148,000 miles, or to considerably more than half of the 
distance from the Earth to the Moon. 

The observations from which the above values of the solar 
parallax were derived were made when the planets Iris^ Victoria^ 
and Sappho were not far from a unit of distance from the Earth. 
At the most favorable oppositions, those occurring about the 
20th of January, the distance of the new planet DQ is only 
about one seventh as great. If observations be made upon it 
in the same manner, and if in them there is practical freedom 
from systematic errors, they should furnish a value of the solar 
parallax with the uncertainties correspondingly diminished. 





Mean Solar 
Parallax. 


Probable 
Error. 


From Victoria, 


8". 801 3 


o".oo6i 


From Sappho, 


8 .7981 


.0114 


From Iris, 


8 .8120 


.0090 



I 
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From observations of August 15 th, September 27th, and 
November nth, I have computed the following new elements of 
the orbit of the planet DQ : — 

Epoch 1898. August 31.5, Gr. M. T. 

M = 221° 33' 29". I . 

o) = 177 41 21 .0 \ 

^ = 303 30 19 .2 \ 1898.0 

/= ID 49 33 .5 j 

<^ = 12 52 16 . 1 
log a = o 1637 ID 

/* = 201 5". 773 
Period = 642.929 days 

For my observation of January 3, 1899, these elements give 
the following residuals : — 

O— C : A a = + o'.36, A 8 = — o". i 

This observation was obtained fifty- five days after the last 
observation upon which the elements were based 

In the Astronomical Journal y No. 452, Dr. Chandler has 
given the following elements : — 

Epoch 1898. August 31.5, Gr. M. T. 
M=22i° 35' 45".6 
<-= 177 37 56 .0) 
^ = 303 31 57 -I r 1898.0 
/ = 10 50 11.8) 
<^ = 12 52 9 .8 
log a = 0.1637876 
ft = 20I5".2326 

Period = 643.10 days 

This is the third system of elements of DQ published by Dr. 
Chandler. He has obtained them by correcting his previous 
elements so as to represent the positions of the planet derived 
from photographic plates taken at Arequipa in 1896. The planet 
has also been found upon plates taken in 1893 ^"^ ^^94« ^nd 
its jX)sitions for certain dates in these years have been obtained 
from them. These positions will be very useful in an early 
determination of more accurate elements of the orbit. 

The longitude of perihelion of DQ is approximately 121®. 
The heliocentric longitude of the Earth has this value about the 
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2ist of January. Therefore, when an opposition of the planet 
occurs at this date, its distance from the Earth will be a minimum, 
and the planet will be most favorably situated for the determina- 
tion of the solar parallax. 

According to my elements, the next date of perihelion pas- 
sage is May 6, 1899. Assuming the periodic time of the planet 
to be exactly 643 days, which is very nearly the mean of the two 
values given above, and neglecting perturbations, I have found 
the following approximate dates of perihelion passage from 1850 
to 1938, or through two complete cycles, so far as relates to the 
motion of the planet with reference to that of the Earth. 

It will be noted that the opposition 1901 will be the most 
favorable for determining the solar parallax of any until those of 
1923, 1931, and 1938. It is unfortunate that the planet was not 
discovered some years ago, so that parallax observations could 
have been made at the very favorable opposition of 1894. 



Jan. 

Oct. 

July 

May 

Feb. 

Nov. 

Aug. 

May 

Feb. 

Nov. 

Aug. 

June 

March 

Dec. 

Sept. 

June 



Sept. 

July 

April 

Jan. 

Oct. 

July 

April 

Jan. 



19, 1850 

26, 1 85 1 
28, 1853 

2, 1855 

3» 1857 
8. 1858 

12, i860 

17, 1862 

19, 1864 

23, 1865 

2«, 1867 
I, 1869 
7, 1871 

8, 1872 
12, 1874 

16, 1876 
March 21, 1878 
Dec. 24, 1879 

27, 1881 
2, 1883 
5. 1885 
8, 1887 

12, 1888 

17, 1890 
30, 1892 
23, 1894 



Jan. 23, 

Oct 28, 

Aug. I, 

May 6, 

Feb. 8, 

Nov. 13, 

Aug. 17, 

May 22, 

Feb. 24, 

Nov. 28, 

Sept. 2, 

June 6, 
March 11, 

Dec. 13, 

Sept. 17, 

June 21, 
March 26, 

Dec. 29, 

Oct. 2, 

July 7. 

April 10, 

Jan. 13, 

Oct. 17, 

July 22, 

.April 24, 

Jan. 27, 



1894 

1895 
1897 

1899 
1 901 

1902 

1904 

1906 

1908 

1909 

1911 

1913 

1915 
1916 

1918 

1920 

1922 

1923 

1925 
1927 

1929 

1931 
1932 

1934 
1936 
1938 



DQ has recently received the name Eros. 
Mt. Hamilton, January 20, 1899. 



W. J. HussEY. 
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A New Double Star. 

Three of the comparison stars used in observations of Comet b 
1 898 were found to be double. The stars were Harvard A G. 2 140, 
2353» and 2368. On nights when they were conveniently situ- 
ated, and could be measured with but little loss of lime, a set of 
measures was secured. Later the best known catalogues of dou- 
ble stars were examined, and two of the stars were found to be 
2 pairs, 2140= S 657, and 2353 = 2 810. The star Harvard 
2368, however, was not found, and upon referring the matter to 
Professor Burnham, he fails to find it in his very complete general 
catalogue of double stars. Following are the three measures 
secured of it: — 



Harvard A. 


. G. 2368. 


a s** 49'" 20', 


8+52^ 


^41'. 


(1875.0.) 


1898.69 


3o6°.9 


l".8i 9.0 


9-3 


36 


Wl. 
520 2 


1898.85 


307 .2 


I .91 9.0 


9-3 


36 


520 2 


1899.02 


309 .0 


2 .05 9.0 


9.6 


12 


700 I 


1898.82 


307 .4 


I .90 9.0 


9.4 






January 6. 


1899. 






C. D. 


Perrine. 



Double -Star Notes. 

During the year 1898 measures of about 350 pairs of double 
stars were secured with the 36-inch and 12-inch telescopes. The 
list includes many stars showing rapid motion, the following 
being of special interest: — 

)8 Orionis=^ P 555. The small star situated 9^.62 from Rigel 
in position-angle 201°. 8 is a very close double. Burnham 
suspected an elongation with his well-known 6- inch telescope as 
early as 187 1, but observers with much' larger instruments could 
not verify his suspicions. Mr. Herbert Sadler independently 
suspected elongation a little later on, and in 1878 Burnham was 
able to secure measures with the 18}^ -inch telescope of the 
Dearborn Observatory. Later on, 1880 to 1882, he could not be 
sure of any elongation with that instrument, and in 1889-91 his 
repeated examination of the star with the 36- inch refractor 
showed it to be perfectly round. So far as I know, no further 
measures were made until my recent ones with the 36-inch, 

which give: — Anglr. Distance. Seeing. 

1898.794 175° 3 o"-i8 4 
.878 181 .0 o .13 3 
.947 177 .6 o .17 3 
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The elongation is certainly real, and taken in connection with 
Burnham's result in 1889-91, would seem to indicate very rapid 
motion. As the pair is out of reach of all but the largest tele- 
scopes, and is in good position for observing in the winter months 
only, when good nights are relatively few, it will probably be a 
long time before any definite knowledge of the character of the 
motion can be secured. 

€ Hydra AB. Schiaparelli detected the duplicity of the 
principal star of the well-known S pair in 1888. He found from 
six nights' measures:— Angle. Dbtance. 

1888.28 142^.0 o".2i 

BuRNHAM measured the pair with the 36-inch as follows: — 

1888.98 1 54°. 4 o".26 2 nights 
1890.92 170 .0 o .19 2 nights 

1892.18 179 .6 o .21 

showing that the pair was in rapid motion. I have measured it 
twice with the 36-inch, obtaining — 

1898.137 250^.7 o".i8 
1899.024 259 .9 o .25 

As the S pair also shows orbital motion this forms a most inter- 
esting ternary system. 

48 Cassiopeia == P ^12), The mean of Burnham's discovery 
measures and those made by Dembowski the same year is — 

1878.7 264°. 75 i".o4 

Subsequent measures by Burnham with the 36-inch showed 
that the angle was increasing and the distance diminishing. As 
the result of three nights' measures with the 36-inch under good 
conditions, I find — 

1898.92 5°. 9 o".36 

showing an increase of angle of over 100° in twenty years. 
While it is too soon to make positive statements, it is altogether 
probable that the motion is orbital. 

Procyonvi2^ measured on three nights with the mean result: — 

1898.76 330°. 9 4"- 97 

Since its discovery by Professor Schaeberle, in November, 
1896, the companion has moved through an arc of more than 
12^^, without sensible change of distance. 



I 
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Measures of the companion of Sinus indicate that it is follow- 
ing very closely the best recent orbits. 

H 529. Porter gives the principal star of this pair the 
large proper motion of o".900 in 154°. 6. Herschel estimated 
120° 20", but no measure of the pair was made until two years 
ago, when I obtained, from three nights* measures with the 

12-inch — Magnitudes. 

1896.51 i20°.4 i7"-3o 9 — 10 

Recent measures on two nights with the same instrument 

S^^^^'"" 1898.86 i2i°.o i7".56 

This proves that the two stars are moving together. It is 
rather unusual to find such strong evidence of physical connec- 
tion between two faint stars so far apart. The position of the 
star for 1900.0 is R. A. 13^ 14" 54"; Decl. + 35° 40'. 

Lick Observatory, January 20, 1899. R. G. AlTKEN. 

Two New Planets Discovered at the Lick 

Observatory. 

On the night of October 13, 1898, I made an exposure, two 
hours in length, with the Crocker photographic telescope; and 
upon the plate obtained I found the trails of three asteroids, 
two of which proved to be new. These have been designated, 
provisionally, 1898 EB, and 1898 EC. 

I have since secured a number of observations of each of 

these planets, and have determined the elements of their orbits 

as follows :— 

Elements of Planet i8g8 EB. 

Epoch Berlin M. T. 1898, Oct. 14.5 
M= 310° 

0) = 232 

n = 202 26 I. 5 V 1899.0 




I z=, 19 

^= 4 
log a = 0.466958 

P = 2032.52 days. 

The above elements were computed from observations made 
on October 14, November 3, and November 16, 1898. At the 
time of discovery the brightness of this planet was estimated at 
11.5th magnitude. 
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Elements of Planet iS^S EC. 
Epoch Berlin M. T. 1898, Oct. 18.5 
M=284° 59' 46". 6 
<^ '■-= 175 59 19 -2 \ 
n ^ 292 17 43 .3 \ 1899.0 

/-- I 35 48 .8 ) 
<A ^ 6 17 I .8 

log a ^ 0.345198 

li. -- I076".988 
P _^ 1203.36 days. 

These elements were computed from one normal place of 
of October 18, (six observations), and single observations of 
November 3 and November 17, 1898. At the time of discovery 
the brightness of this planet was estimated at 12.5th magnitude. 

Mt. Hamilton, January 16, 1899. E. F. CODDINGTON. 

Probable Proper Motion of Harvard A. G. 2577. 

This star was used as a comparison star in observations of 
Comet b 1898, along with others on the same nights. Dis- 
crepancies in the observations led to a direct comparison of this 
star with others, and subsequently a reobservation of this star 
with the meridian-circle by Professor Tucker. The star's R. A. 
is found to be substantially the same as that of the A. G. cata- 
logue, but its declination is 6" less. This difference is probably 
due to a proper motion of o". 25 per year, although there is an 
incomplete observation at Bonn, in i860, which differs consider- 
ably in both co-ordinates from such an assumption. 

Mt. Hamilton, Dec. 20, 1898. C. D. Perrine. 

Comet Discoveries of the Year 1898. 

In the number of cometary discoveries the year 1898 has 
surpassed all previous records. Ten comets in all were found 
during the year, three being returns of well-known members of 
the solar system, and the remaining seven unexpected. It is 
worthy of note also that all ten passed perihelion in little more 
than eight months — between March 20 and November 23, 1898. 
The Lick Observatory contributed six to this list of discoveries, 
three of the unexpected comets having been picked up by 
Mr. Perrine, and one by Mr. Coddington — the last named 
by photography — while the rediscovery of Winnecke's and 
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Wolf's periodic comets were due to Mr. Perrine and Mr. 
HussEY, respectively. Of the three remaining new comets one 
was found by Mr. Giacobini, at Nice, one by Dr. Brooks, at 
Geneva, N. Y., and one by Mr. Chase, at Yale. The rediscovery 
of Encke's periodic comet by Mr. John Grigg, at Thames, New 
Zealand, on June 7th, completes the list. Five of these discov- 
eries were made between the dates June 7th and June 19th, three 
of them at the Lick Observatory in less than a week. 

According to Denning, the largest number of comets found in 
any previous year is eight, that many having been found in 1858. 
Nine comets passed perihelion in 1886, but two were found in 
1885 before coming to perihelion, and one in January, 1887, 
after perihelion passage. 

Aside from their number, the cometary discoveries of the past 
year are interesting for several other reasons. Previous to 1898 
only two comets had been discovered by photography, — Bar- 
nard's, in October, 1892, and Schaeberle's, on the plates of 
the total solar eclipse of April, 1893. The former of these only 
was verified by later visual observation. The year 1898 adds 
two more to the list of photographic discoveries, Coddington's 
and Chase's, both being afterward observed visually. Cod- 
dington's comet was so bright that an independent visual 
discovery of it was made three days later by W. Pauly, at 
Bucharest; but Chase's, which was found on plates exposed to 
photograph the Leonid meteors, on November 14th, was so 
faint that it would in all probability have escaped visual discovery. 

Again, at least two of the comets of the year bear close 
resemblance in their orbits to comets of previous years, as has 
been pointed out in previous numbers of these Publications,^ 
Comet b (Perrine), for which Perrine finds a period of 305 
years, apparently belongs to the same family as the comet of 
1684, and 1785 I; and the resemblance between the orbits of 
Comet i (Brooks) and Schaeberle's Comet of 188 1 is 
remarkable. 

But the most interesting point to many minds in the year's 
cometary work is the accurate agreement between mathematical 
calculation and the actual motion of a comet shown in the redis- 
covery of Wolf's periodic comet. From observations made 
during previous apparitions, Thraen computed the definitive 
elements of the comet's orbit, and upon these based the com- 

* See Nos. 6a, p. xi8, and ^, pp. 243, 250. 
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putation of its path during the present apparition, taking into 
account, of course, the perturbing influence of the planets. So 
well was his work done, and so accurate the theory upon which 
it was based, that the comet was found by HussEY within i" of 
Right Ascension, and 4" of Declination, of the predicted place. 

The following tabulation gives the comets of the year in the 
order of their perihelion passage, the discoverer, and the date of 
discovery : — 



Comet. 



Discoverer, and 
Dale of Discovery. 



I I Pkrkink, . Mar. 20 



II 



III 



IV 



Perrine, . Jan. 2 
Gkkjc, . . June 7 



Hi'ssKY, . June 16 

V ; GiACoBiNi, June 19 
VI , PhRRiNE, . June 14 
VII CoDDiNGTON, June II 



VIII , Chase, 



Nov. 14 



IX 



Perrine, . Sep. 13 



Brooks, 



Oct. 20 



January 9, 1899. 



Remarks. 



Elliptic ; with period of more than 300 
years. 

Winneckk's periodic comet; period, 
5.8 years. 

Kncke's periodic comet; period, 3.3 yrs. 

hulopendciitly dis<ovcre<l, June nth, byTKB- 
Bin, fiom whom ihe first announcement of 
discovery was rtieiwd. 

Wolf's pti iodic ( omel; period, 6.8 yrs. 



By photoj:raphy. 

IndeiH-'tidenily diMdvert-d visually by \V. Pau- 
i.v, at lUuhari'st mi June 14th. 

On meteor plates; announcement made 
Nov. 24th. 

Independently discovered bv M. P. Cho- 
FARDKT, at Besan(;on, on Sept. 14th. 



R. G. AlTKEN. 



The Probablk State of the Sky Along the Path of 
Total Eclipse of the Sux\, May 28, 1900. 

The obscrvation.s taken under the direction of the United 
States Weather Bureau in 1897, ^^ determine the meteorological 
conditions likely to prevail along the path of the total eclipse of 
the Sun, which will occur in the Southern States on May 28, 
1900,* were repeated this year on precisely the same plan. In 
general, the work was done by the same observers, and eighty- 
seven stations reported this year as against sixty-six last year. 

The results, which are summarized by Professor Bigelow in 
the Monthly Weather Review for September, 1898, lead to the 



• See abstract of Professor Bighlow's Report in No. 60 of these Publications. 
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same conclusion reached last year, which is as follows: *'The 
weather conditions in the interior of Georgia and Alabama were 
better than in Virginia, North Carolina, South Carolina, Missis- 
sippi, and Louisiana; and judging from this table [of results of the 
observations] it would be much safer for the eclipse expeditions 
to locate their stations in the northern portions of Georgia and 
Alabama, upon the southern end of the Appalachian Mountains, 
where the track crosses the elevated areas, than nearer the coast- 
line in either direction, northeastward toward the Atlantic Coast, 
or southwestward toward the Gulf Coast ; on the Coast itself the 
weather is more unfavorable than in any other portion of the 
track." These observations will be repeated in 1899. 

R. G. A, 

On the Origin of the Principal Line in the Aurora 

Spectrum. 

It is possible that some recent observations may furnish an 
explanation of the origin of the principal bright line in the spec- 
trum of the aurora. 

When the new element, krypton, was discovered in our 
atmosphere by Ramsay and Travers, they announced that one 
of the principal lines in its spectrum has the wave- length 5566 
tenth- meters. Professor Runge has made an accurate deter- 
mination of the wave-length of this line, and finds its value to be 

^ 5570.4. 

The observations of the aurora line, made under the best 
conditions, gave the following results for its wave-length: — 



Angstrom . . . 


. 5568 


VOGEL . . . . 


5572 


VlJKANDER . . , 


5573 


Lemstrom . . . 


■ 5570 


HUGGINS . . . 


5572 


COPELAND . . . 


5573 


GiLLENSKIOLD . . 


5569 


Campbell . . . 


5571-6 


Mean . . 


. .S.S7I.I 



It will be seen that the krypton and aurora lines occupy 
nearly the same position. Inasmuch as the aurora line was 
quite faint when some of the measures were made, it is possible 
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that its measured position could be in error by 0.7 of a unit, thus 
permitting exact coincidence with the krypton line. 

It does not follow that the apparent coincidence indicates with 
any degree of certainty that the principal aurora line is due to 
krypton. We need only recall the early observations of the 
principal nebular line, and its app>arent coincidence with a promi- 
nent nitrogen line, and later with a prominent magnesium line, 
to be on our guard against conclusions based upon apparent 
coincidences of single lines in two spectra. In the present case, 
only one of the several krypton lines seems to have a counterpart 
in the aurora spectrum. 

Again, we should recall that Liveing and Dewar produced 
a strong line at X 5572 by passing a powerful current (spark) of 
electricity through liquid oxygen and its vapor. This points to 
the possible oxygen origin of the aurora line. 

W. W. Campbell. 

Corrections to Weisse's Catalogue of Bessel Stars. 

W. B,. 22^ 259. 

There appears to be an error of about 10" in declination in 
the reduction of this star from the time of observation to the 
epoch of the catalogue. The declination should be increased 
10". 

W. B,. 22'' 395. 

The right ascension of this star appears to be o*.6 too large. 

W. B,. 22** 688. 

The declination of this star is in error by i' 45". Both the 
catalogue place and the zone observation should be decreased. 

Mt. Hamilton, Dec. 20, 1898. C. D. Perrine. 

Comet y 1898 (Chase). 

This comet was discovered November 21, 1898, at the Yale 
Observatory by Dr. Frederick L. Chase upon photographic 
plates exposed upon the night of November 14, 1898, for the 
Leonid meteors. Its cometary nature was verified by Dr. Chase 
upon the night of November 21, 1898, by making additional 
exposures. 

The comet has also been found upon negatives taken at 
Harvard College Observatory, at Goodsell Observatory, and at 
the Lick Observatory. 
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When discovered, its brightness was estimated to be about nth 
magnitude. Theoretically, its maximum brightness was reached 
about January i, 1899, and it is now slowly decreasing. By 
April ist it will have decreased to about half that at discovery. 

From my observations of November 23, December 7, and 
December 16, 1898, I have computed the following elements for 
this comet. The first two observations were secured with the 
1 2-inch telescope and the third with the 36-inch refractor: — 

Elements, 

T = 1898 Sept. 20.15344 

<^= 4° 37' 59". 9] 
" = 95 51 35 .9 M8990 
/ = 22 30 20 .3 J 
log q = 0.358892 

A comparison of the ephemeris computed from these ele- 
ments with observations which I have recently secured with the 
36-inch refractor gives the following residuals: — 

O-C. 

Jan. 4, A a = + o*.i9, A 8 = -f- 2". 2 
5, A a = + o. 17, A 8 = + I .5 

Soon after the first elements of this comet were published, 
Professor Weiss, of Vienna, pointed out their similarity to those 
of Comet 1867 I» ^"<^ suggested the possibility of an identity. 
But the residuals given above for dates twenty and twenty-one 
days after the date of the last observation which was used in 
computing these elements, show that they are nearly correct, and 
that the true elements are essentially parabolic. There is, there- 
fore, no probability of the present comet being a return of Comet 
1867 I. 

Mt. Hamilton, January 16, 1899. E- ^- CoDDINGTON. 

The Second Washington Star Catalogue. 

This catalogue, which embodies 72,914 observations of stars 
made with the 8.5-inch transit-circle at the old Naval Observatory 
between the dates January 3, 1866, and June 30, 1891, was pub- 
lished in November, 1898, as ** Appendix I,** of the Washington 
Observations for 1892. It contains the places for 1875.0 of 5 151 
stars, 185 of which are stars of the American Ephemeris, and the 
others miscellaneous, ranging in Declination from the North 
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Pole to 45° south, and in magnitude from naked-eye stars to stars 
of the 1 2th magnitude. The number of observations for a star 
varies from i for some in the miscellaneous list to 855 in Right 
Ascension, and 2187 in Declination for Polaris, 

The title-page rightfully bears the name of Professor John R. 
Eastman, as 17,334 of the observations were made by him per- 
sonally, and 39,867 others under his immediate direction; while 
the reduction, the discussion of the results, and the arrangement of 
the volume were carried out according to his plans. R. G. A. 

Three New Spectroscopic Binary Stars. 

While engaged in determining the velocities of stars in the 
line of sight with the Mills spectrograph, we have found three 
stars whose velocities are variable. The variation in each case is 
due to the fact that the star is describing an orbit of compara- 
tively short period. 

riPegasi. (a =22'' 38", 8=+ 29° 42'.) 

My first measures of the velocity of this star from three spec- 
trum plates gave 4- 7. i, + 5. i, and — 2. 2 kilometers per second, 
respectively. Inasmuch as an extreme range of four kilometers 
for a star of constant velocity is never expected, I felt sure that 
the velocity of 17 Pegasi varied. Additional plates were secured 
and another earlier plate was reduced. All confirm the variation. 
The velocities obtained up to date are as follows: — 



1896. 


Aug. 27. 


+ t 


".I 




Sept. 23. 


+ 5 


.1 


1897. 


July 8. 


— 6 


•4 




Sept. 28. 


— 2 


.2 


1898. 


Aug. 29. 


+ 16 


•5 




Aug. 30. 


+ 15 


.6 




Sept. 4. 


+ 16 


•5 




Sept. 15. 


+ 15 


•7 




Oct. 18. 


+ II 


.0 




Oct. 24. 


+ 11 


•5 




Oct. 26. 


+ 10 


.8 




Nov. 28. 


+ 6 


.1 


1899. 


Jan. 23. 


— I 


.6 


By plotting these data, 


it will be seen that the period of the 


star must be about two and 

• 


a quarter years. Several years must 


elapse before 


a definitive determination of the orbit can be made. 
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oLeonis. (a = 9** 36", 8 = -f 10° 21'.) 

About twenty spectrum plates of this star have been secured. 
They show that the velocity varies between about + 82 and —30 
kilometers per second, completing one cycle in a period of four- 
teen and a half days. There is some evidence that the spectrum 
consists of two or more spectra superposed. 

X Draconis, (a = 18^ 23° 8 = + 72° 42'.) 

Fourteen plates of the spectrum of this star have been 
obtained and reduced, with the following results for the velocity: — 

1898. 



July 


25. 


+ 45'^-. 6 


Sept. 


5- 


+ 46 


.0 


Sept. 


19- 


+ 42 


.6 


Oct. 


24- 


+ 14 


-4- 


Oct. 


25- 


-- 16 


-+- 


Oct. 


26. 


+ 14 


•5 


Nov. 


I. 


+ II 


•9 


Nov. 


5. 


+ 11 


.3 


Nov. 


12. 


+ 10 


•7 


Nov. 


18. 


+ 10 


.6 


Dec. 


3. 


+ 15 


-4- 


Dec. 


7. 


+ 18 


.3 


Dec. 


16. 


+ 21 


.0 


Dec. 


17. 


4- 20 


.0 



The observations seem to indicate a period of about six 
months. W. W. Campbell. 



The Copley Medal Awarded to Sir William Huggins. 

At the recent anniversary meeting of the Royal Society of 
London, the President announced that the Copley Medal had 
been awarded to Sir William Huggins, for his great achieve- 
ments in the application of spectrum analysis to the heavenly 
bodies. 

Telescopes Nearing Completion. 

**The Sheepshanks Telescope Committee report that the 
erection of the polar- reflecting photographic telescope at the 
[Cambridge, England,] observatory, with its building and dome, 
is nearly complete. Dr. Common has provided the mirror, and 
the object-glass is one of Cooke's triple lenses. The tube and 
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apparatus are by Messrs. Grubb. The adjustments and tests have 
still to be carried out." — Nature^ December 8 y i8g8. 

In connection with the above note, it will be of interest to 
add that two other important telescopes are nearly ready for use 
— the large 80''" photographic telescope of the Potsdam Observa- 
tory, with a 50"" visual guiding telescope; and the 24- inch photo- 
graphic refractor for the Royal Observatory at the Cape of Good 
Hope. 

Astronomical Telegrams. 

( Translations), 

Boston, Mass.^ November 23, 1898. 
To Lick Observatory: (Received 11:10 p.m.) 

A faint comet was discovered by Chase, at Yale, on Novem- 
ber 14.729 G. M. T., in R. A. lo** 7" 4*; Decl. + 22° 55' 
(approximately). The daily motion in R. A. is + 24', in Decl. 
-f 4'. (Signed) John Ritchie, Jr. 

Lick Observatory, Nov. 24, 1898. 
To Harvard College Observatory: (Sent 10:30 a.m.) 

Comet Chase was observed by Mr. E. F. Coddington, on 
November 24.0519. in R. A. 10'' 21" 48".!; Decl. + 23° 36' 6". 

Lick Observatory, Nov. 25, 1898. 
To Harvard College Observatory: (Sent 10:00 a.m.) 

Comet Chase was observed by Mr. E. F. Coddington, on 
November 25.0286, in R. A. 10** 23" I5V7; Decl. -|- 23^ 40' 51". 

Lick Observatory, Nov. 26, 1^98. 
To Harvard College Observatory: (Sent 10:00 a.m.) 

Comet Chase was observed by Mr. E. F. Coddington, 
on November 26.0569 G. M. T., in R. A. lo** 24"' 47'. 5; Ded, 
+ 23*^ 46' 1 1". 

Lick Observatory, Nov. 26, 1898. 
To Harvard College Observatory: (Sent 10:00 p.m.) 

Elements and ephemeris of Comet Chase were computed by 
E. F. Coddington and H. K. Palmer, as follows : — 

T = G. M. T. 1899, April 10.65. 
o) = 136° 16' \ 

0=107 II > Ecliptic and 

J- _. ^-^ 42 ( ^^^" Equinox of 1898.0 

natural ^= 0.6821 
[The ephemeris is here omitted.] 
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Prizes Awarded by the French Academy of Sciences for 

THE Year 1898. 

A long list of awards for distinguished services to science, 
made by the French Academy of Sciences at its annual meeting 
on December 19, 1898, is published in the Comptes Rendus for 
that date. 

In the Department of Astronomy the awards are as follows: — 

The Lalande Prize is awarded to Dr. S. C. Chandler for his 
services to astronomy. The discovery and proof of the variation 
of terrestrial latitudes, his work with the almucantar, hb re- 
searches on variable stars, and upon the identity of Comet Brooks 
(1889 V) with Lexell's Comet, are especially mentioned. 

The Prix Damoiseau was to be awarded for the best treatise 
on the ** Theory of the Perturbations of Hyperion, One of the 
Satellites of Saturn.'^ The only essay presented was that by 
Dr. G. W. Hill, of Washington, to whom the prize was awarded 
for this and his other researches in mathematical astronomy. 

The Valz Prize goes to M. P. Colin, the founder of the 
observatory at Tananarive, Madagascar, for his works on astron- 
omy and geodesy. 

The fourth astronomical prize, the Prix Jayissen, is awarded 
to M. Belopolsky, head of the Department of Astrophysics at 
the Pulkowa Observatory, for his spectroscopic work, especially 
in connection with spectroscopic binary stars. 

Another award will be of interest to members of the Society — 
that of the Henry Wilde Prize to Dr. Chas. A. Schott, of the 
U. S. Coast and Geodetic Survey, for his valuable contributions 
to the study of terrestrial magnetism in the last thirty years. 
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Minutes of the Meeting of the Board of Directors, 
HELD in the Rooms of the Society, January 

28, 1899, AT 7:30 P.M. 

President Aitken presided. A quorum was present. The minutes 
of the last meeting were read and approved. The following members 
were duly elected: — 

List of Members Elected January 28, 1899. 

Mrs. BBVAN i^YS.XnrlSa'nd""'^'^-' 

Prof. F. P. Brackett { Po^o"» College, Claremont, 

Mr. EVHRHTT HAvnE« { '"'iSaPe'ErCal!'"' ''''■^' 

Mr. James D. Maddrill 830 Eighteenth St., Oak land, Cal. 

Prof. T. E. McKiNNEY Marietta College, Marietta, Ohio. 

Mr. EKNHST K. RooHX { '"S^Tscra^t^or^^a"'^"'" 

Mr. DUANKSTUDLEV {'^^eteNndi^anr' ""'^^'"'^ 

The following resolution was unanimously adopted by the consenting 
votes of the Directors, namely: Messrs. Pierson, Aitken, Seares, 
ZiEL, Perrine, Keeler, Hill, St. John, von Geldern, Molera, and 
Miss O'Halloran:— 

Resolved, That, the amount of <ti9''-66 having been advanced by the General Fund to 
the Bruce Medal Fund, it is hereby ordered Uiat siiid sum of 5196.66 be now transferred 
from the Life Membership Fund to the General Fund. This amount is to be refunded 
by the Bruce Medal Fund as soc»n as accrued interest is available for that purpose. 

Adjourned. 
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Minutes of the Meeting of the Astronomical Society 
OF THE .Pacific, held in the Rooms of the - 
Society, January 28, 1899, at 8 p. m. 

President Aitken presided. The minutes of the last meeting were 
approved. The Secretary read the names of new members duly elected 
at the Directors' meeting. 

The following papers were presented: — 

1, Is Mori's Axial Velocity Increasing? by Professor A. M. Mattoon. 

2. The Constant of Attraction, by Mr. F. H. Shares. 

3. Planetary Phenomena for .March and April, 1899, by Professor Malcolm McNeill. 

4, The Story of the Sun, by Professor James E. Keeler. 

Professor Keeler's lecture on the Sun, illustrated by lantern-slides, 
was given in the lecture hall of the Academy, on Friday evening, Jan- 
uary 27th. 

A committee to nominate a list of eleven Directors and Committee 
on Publication, to be voted for at the annual meeting, to be held on 
March 25th, was appointed as follows: Messrs. Chas. S. Gushing, John 
Dolbp:er, D. S. Richard.son, E. S. Clark, A. S. Blake. 

A committee to audit the accounts of the Treasurer and to report at 
the annual meeting was appointed as follows: Messrs. C. B. Hill, F. H. 
McConnell, O. von Geldern. 

Adjourned. 
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ADDRESS OF THE RETIRING PRESIDENT OF THE 

SOCIETY, IN AWARDING THE BRUCE MEDAL 

TO GEH. RATH Dr. ARTHUR AUWERS. 



By R. G. Aitken. 



In conformity with the statutes for the bestowal of the Bruce 
Gold Medal of the Astronomical Society of the Pacific, the Board 
of Directors of the Society held a special meeting on the last 
Saturday of November, 1898, to consider the nominations for 
the award of the medal for the present year which were made by 
the Directors of the Berlin, Greenwich, Paris, Harvard, Yerkes, 
and Lick Observatories. 

It becomes my pleasant duty this evening to announce to the 
Society that by the unanimous vote of the Board of Directors 
the award was made to Geheimer Rath Dr. Arthur Auwers, 
of Berlin. 

Dr. Auwers' s title to this mark of our consideration and 
respect may perhaps be most briefly stated in the words of our 
distinguished medalist of 1898. In his '* Reminiscences of an 
Astronomer,'' in the Atlantic Monthly, Professor Simon New- 
comb says: — 

*• To-day, Auwers stands at the head of German astronomy. In 
him is seen the highest type of the scientific investigator of our time, one 
perhaps better developed in Germany than in any other country. The 
work of men of this type is marked by minute and careful research, 
untiring industry in the accumulation of facts, caution in propounding 
new theories or explanations, and, above all, the absence of effort to 
gain recognition by being the first to make a discovery. When men are 
ambitious to figure as Newtons of some great principle, there is a con- 
stant temptation to publish unverified speculations which are likely rather 
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to impede than to promote the advance of knowledge. The result of 
AuwERs*s conscientiousness is that, notwithstanding his eminence in his 
science, there are few astronomers of note whose works are less fitted 
for popular exposition than his. His specialty has been the treatment 
of all questions concerning the positions and motions of the stars. This 
work has required accurate observations of position, with elaborate and 
careful investigations of a kind that offer no feature to attract public 
attention, and only in exceptional cases lead to conclusions that would 
interest the general reader. He considers no work as ready for publica- 
tion until it is completed in every detail, showing in this a conscientious- 
ness which his fellow-astronomers may sometimes have reason to regret, 
owing to the length of time they have to wait for his conclusions.'* 

These words from one who is himself in the front rank of the 
scientific investigators of our time offer reason enough for our 
award. At the same time, the strictly technical and theoretical 
character of Dr. Auwers's work, to which Professor Newcomb 
calls attention, indicates the propriety of dwelling in more detail 
to-night upon the achievements of one who has done so much to 
advance and systematize our knowledge of the stars. 

Born in Gottingen, on September 12, 1838, he entered the 
gymnasium of his native city, and was early attracted to the sci- 
ence of astronomy — probably through the influence of WiN- 
NECKE; for the latter, writing in 1854 of meteor observations 
made in July of that year by Pape and himself, says that they 
were materially assisted on the first few nights by their young 
friend, Herr A. Auvvers (then a lad of sixteen). Later on, Win- 
neck e writes of a new nebula, found by Herr Auwers in 1854. 

Having decided thus early upon his life-work, we find him for 
the next few years continuing his university studies, and employ- 
ing his leisure in observing variable stars, comets, asteroids, and 
nebulae, and in computing orbits and ephemerides of comets and 
asteroids. 

In 1859, he became assistant astronomer at Konigsberg, 
and for three years varied his theoretical studies by observa- 
tions with the heliometer made famous by the work of Bessel. 
In addition to valuable series of measures of comets, asteroids, 
nebulae, variable stars, and double stars, this resulted in an 
admirable series of observations for the parallax of certain stars, 
together with an exhaustive investigation of the instrument itself 
and a discussion of the methods of reduction of heliometer obser- 
vations. It was with this instrument also, on May 21, i860, that 
Auwers, while observing variable stars, found the new star in 
Messier 80, the so-called Nova Scorpii. 
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In 1862, his inaugural dissertation for the degree of Doctor of 
Philosophy was published at Konigsberg. This was the first part 
of his memoir on ** Variable Proper Motions," and included an 
orbit of Procyon based on meridian observations. In this research 
he struck the key-note of his future life-work — "the treatment 
of all questions concerning the positions and motions of the 
stars. ' * 

Leaving Konigsberg in the summer of 1862, Dr. Auwers 
went to Gotha as assistant astronomer, and for some time con- 
tinued his work at the observatory there under the guidance of 
P. A. Hansen. In 1866, he was called to Berlin as the successor of 
Encke in the position of Secretary of the Royal Prussian Academy 
of Sciences, Section of Mathematics and Physical Sciences — a 
position he still holds. Since 1866, he has not, so far as I am 
aware, been officially connected with any observatory; but he has 
at times taken active part in the observing work at Berlin, at the 
Cape of Good Hope, and elsewhere, and has also held many 
positions which indicate the confidence his fellow-astronomers 
have in his administrative ability. Thus, he has repeatedly been 
President of the Astronomische Gesellschaft, was one of the first 
editors of the Vierteljahrsschrift of that Society, chairman of the 
commission in charge of the A. G. zone work, and chairman of 
the German Commission on the Transit of Veiius, 

Though a skillful and industrious observer. Dr. Auwers is 

pre-eminently a theoretical astronomer, and his researches have 

V>een conducted, broadly speaking, toward the achievement of two 

main objects — (i) a better knowledge of the value of the solar 

parallax, and (2) the reduction of star- catalogues to a common 

fundamental system, so as to afford the means of utilizing readily 

all existing data in the accurate determination of the positions and 

motions of the fixed stars. Both investigations demand for their 

successful pursuit the highest order of skill, rare judgment, and 

a patience and an accuracy in the treatment of minute details that 

is given to but few minds. The comparison of star-catalogues and 

the formation of a fundamental system of star-places, for instance, 

involves careful consideration of the methods of observation and 

reduction used in every existing star-catalogue; of the values of 

the constants of precession, nutation, aberration, refraction, etc., 

adopted by each computer; of the nature and stability of the 

instruments used in the observations; of the systematic errors of 

observation due to the star's position and magnitude; of the per- 
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sonal equation of the observer; of the proper motions of the stars 
themselves; — in fact, of almost endless questions, hardly to be 
appreciated except by one engaged in similar investigations. 

This problem was attacked by Auwers, in a preliminary way, 
at an early age, as we know from the fact that in 1861 he pub- 
lished in Astronomische Nachrichten, at the instance of Bruhns, 
FoERSTER, and others, the systematic corrections necessary to 
reduce a number of different catalogues to the system of the 
* * Tabulae Reductionum * ' of Wolfer's. These corrections he had 
been using, he says, for some time in determining the accurate 
positions of the comparison-stars for his observations of comets 
and asteroids. 

A far more important step was taken in 1865, when he pub- 
lished his ** Tables for the Reduction of the Declinations of Vari- 
ous Star Catalogues to a Fundamental System, ' ' and a few months 
later followed this with a discussion of the " Declinations of the 
Fundamental Stars. * ' In these papers all existing material of value 
was carefully considered and the foundation laid for a homogeneous 
system of Declinations. 

Meanwhile some special investigations suggested by this gen- 
eral problem had engrossed Auwers' s attention, as we see from 
the subject of his Inaugural Dissertation, viz: the variable proper 
motions of certain stars. 

In 1844, Bessel announced that, instead of moving at a 
uniform rate in a straight line, as do all other fixed stars with 
known proper motions, Stn'us and Procyon showed evidences of 
variable motion — the former in Right Ascension, the latter in 
Declination; and in discussing the possible explanations of such 
motion, concluded that the only tenable hypothesis was that the 
bright star was the visible member of a binary system. In the 
case of the two stars under consideration, Bessel did not feel that 
the observations then available warranted any more definite con- 
clusion than that the motion was variable, and showed a period 
of about half a century. 

In 1 85 1, Dr. C. A. F. Peters repeated the investigation of the 
Right Ascensions of Strius, confirmed Bessel' s conclusion of 
variable proper motion, and determined the orbit of the system 
with a revolution period of about fifty years. Ten years later, 
Safford investigated the Declinations in a similar manner, and 
found the motion variable in this co-ordinate also, and showed 
that Peters's orbit, which was based on Right Ascensions only. 
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would account for the motion in Declination with but small out- 
standing errors. 

At this time Auwers undertook a complete reinvestigation of 
this question with respect to both stars, examining with all pos- 
sible care all the available observations in both Right Ascension 
and Declination, including in the case of Sirius 7,000 in Right 
Ascension and 4,500 in Declination. His results for Procyon 
were that the star revolved in a sensibly circular orbit in a period 
of about forty years. This part of the research formed, as has 
been said, his thesis for the Doctor's degree in 1862. His inves- 
tigation of the motion of Sirius was published some two years 
later, and resulted in an orbit decidedly eccentric with a revolu- 
tion period of fifty years. As is well known, this orbit for the 
theoretical companion was very accurately followed by the small 
attendant discovered by A. G. Clark, in 1862. When the latter 
star was lost in the brilliant rays of its primary, in 1892, Dr. 
Auwers again examined this system, taking into account the 
micrometer measures of the faint Clark companion as well as 
the meridian observations oi Sirius itself, and proved definitively 
that this companion accounted for the variable motion of the bright 
star first noticed by Bessel. 

In all of these investigations Dr. Auwers had felt the need of a 
XTiore accurate determination of the proper motions of stars than 
'was possible from the catalogues then in existence. In such 
investigations Bradley* s catalogue was by far the most impor- 
tant. Not only were his observations, for which the epoch was 
a.bout 1755, the first that were at all comparable in system and 
accuracy with those of modern times, but they were also far 
superior to those of his successors for half a century or more, to 
the time of Bessel and Struve. 

These observations were first reduced in 18 19, nearly fifty 
years after Bradley's death, by Bessel, who indicated his esti- 
mate of their importance by the title, "Fundamenta Astro- 
nomiae." That this reduction was made by Bessel is sufficient 
guaranty of its excellence; but in the half-century following its 
publication the rapid progress of astronomy in every line led to a 
more accurate knowledge of the fundamental constants, and to 
more refined methods of the reduction of meridian observations. 
It also became evident from Peters*s investigations in 1855 that 
some of Bessel* s assumptions respecting the transit instrument 
used by Bradley were erroneous. 
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As all these errors would seriously affect the proper motions 
derived from the Bradley stars, a new reduction was highly 
desirable, and this was undertaken in 1864, by Winnecke, at 
Pulkowa. Illness, however, compelled him to give up the work; 
and in 1866 it was taken up by Dr. Auwers. All his previous 
work had been fitting him for such a task, and the result was a 
** masterpiece and a model" Auwers based his work upon 
specially collated copies of Bradley's original records, and 
spared no pains to insure the utmost accuracy in reduction. No 
detail was too minute, no computation too tedious, that might in 
any way improve the results. 

In ten years this great task was substantially completed, and 
in 1877 the manuscript of the second volume, containing the 
individual observations in Right Ascension and Zenith Distance, 
was given to the printers. Four years were needed to get it 
through the press, and it was not distributed until 1882. A year 
later, on Dr. Auwers' s return from the Transit of Venus Exp^- 
ition to Patagonia, the third volume was sent to the printer, but 
it was not distributed until 1888. This volume contains an exten- 
sive introduction and the catalogue pro[)er. Bradley's star- 
places are given for the epoch 1755, and also for the epoch 1865. 
For the latter epoch a new catalogue of the same stars, based 
almost entirely upon Greenwich observations between 1854 and 
1867, is also given by Auwers, who determined the proper 
motions of the stars by comparing the two catalogues. The 
volume also contains all necessary data to reduce the stars to any 
desired epoch. The first volume will contain a number of special 
investigations connected with Bradley's work, and also the 
reduction of his observations of the planets. The manuscript 
was sent to the printer nearly three years ago, but the volume 
has not yet been issued. 

In many respects this has been Dr. Auwers' s most important 
work, and as such it won for him the gold medal of the Royal 
Astronomical Society in 1888, and, in connection with his other 
work, the Watson gold medal of the National Academy of Sci- 
ences, of Washington, in 1891. In another sense, however, it is 
only another contribution towards the solution of the great prob- 
lem of forming a homogeneous system of star-places, for it affords 
the means of a more accurate determination of the proper mo- 
tions of the stars, and thus diminishes the difficulty of compar- 
ing catalogues of different epochs. 
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In the mean time an enterprise was inaugurated by the Astro- 
nomische Gesellschaft which promised the practical realization 
of a homogeneous star-catalogue, based not on existing obser- 
vations, but upon a complete reobservation of the sky. At 
the meeting of the Gesellschaft in Leipzig, in 1865, Professor 
Bruhns offered a resolution declaring that the Astronomische 
Gesellschaft considers it necessary that all stars to the ninth 
magnitude which are found in the Bonn D. M. be observed with 
meridian-circles, and commissions its Council to organize and 
superintend the execution of this work. The formulation of the 
preliminary plan was left to Argelander, after considerable 
discussion. This plan, revised by a committee consisting of 
Argelander, Bruhns, and Winnecke, was presented at the 
Bonn meeting of the Society in 1867. It limited the work to the 
stars lying between — 2° and -f 80° Declination; provided that 
the observations should be differential, that every star should be 
observed at least twice; and suggested that the entire field 
be divided into zones extending over 5° or 10° in Declination. 
Elach observatory that desired to share in the undertaking could 
then select the zone best suited to its location and equipment. 
This plan, in its essential features, was adopted, and various 
observatories volunteered to share in its execution. The list of 
fundamental stars, selected by Argelander, was published the 
following year. These were to be accurately observed at 
Pulkowa. 

This plan was modified in many of its details by the Council 
of the society, and the final form of the program to be fol- 
lowed was presented, for the Council, by Dr. Auwers at the 
Vienna meeting, in 1869. The preparation of the fundamental 
catalogue of 539 stars was also left to Dr. Auwers; so that what 
is now known as the A. G. system is, in one sense, Auwers* s 
system, and the catalogue of the Astronomische Gesellschaft, 
when completed, will be the practical realization of his endeavor 
to form. a homogeneous catalogue of stars. 

As one of the secretaries of the Gesellschaft, and later as chair- 
man of the Zone Commission, Dr. Auwers has had an active and 
influential part in the supervision of this work from its beginning. 
Not content with this, however, he gladly accepted Professor 
Foerster's offer to assist in observing the 10° zone set apart for 
the Berlin Observatory. The southern half of this zone — from 
+ 15° to + 20° Declination — was put in his charge, and the 
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work begun early in 1869. The necessary observations — about 
25,000 in number — were nearly all made before the end of 1871 ; 
but owing to the pressure of other work, especially the new 
reduction of the Bradley stars. Professor Auwers did not press 
the work of reduction for some years. When he did take up this 
task, he extended his investigations to such bounds that the cata- 
logue, which was finally issued in 1896, became really a compre- 
hensive treatise on the positions and proper motions of the stars 
in the zone in question; for in addition to the catalogue proper 
the volume includes an elaborate comparison of the observed 
positions with all those found in previous catalogues, and from 
these comparisons a careful determination of the proper motions. 

A few years after the adoption of the original plan, it was 
decided to extend the A. G. catalogue to the southern skies (to 
— 23° Declination) as well, and the preparation of the necessary 
catalogue of southern fundamental stars was also intrusted to 
Dr. Auwers. 

As new material has become available through the highly 
accurate observations of the fundamental stars made in recent 
years with the best meridian-circles of our time. Dr. Auwers has 
rediscussed and refined his fundamental catalogues. Still further 
to increase their practical convenience and usefulness as a standard 
of reference, he has also taken the time to construct extensive 
tables of systematic corrections for the reduction of nearly all 
existing catalogues of importance to the A. G. system. 

These researches constitute Dr. Auwers' s most important con- 
tributions to the progress of astronomy; but no inconsiderable 
portion of his scientific life has been devoted to the solution of 
the other problem I have mentioned — the more accurate deter- 
mination of the value of the solar parallax. 

In 1874, and again in 1882, elaborate preparations were made 
by astronomers to observe the transits of Venus^ with the view of 
getting a better knowledge of this constant. There were many 
difficulties known to be inherent in this method; but astronomers 
at that time were not agreed upon any better one that was so 
independentof other constants, and it was hoped that the number 
of the independent observations and the variety of instruments 
used would give sufficient data to furnish a reliable conclusion. 

Dr. Auwers was placed in charge of one of the German expe- 
ditions in 1874 (to Luxor), and in 1882 had charge of the German 
expedition to Punta Arenas, Patagonia. Besides this, he was 
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chairman of the German Transit of Venus Commission, and in 
that capacity directed the general plan of observation for all the 
parties sent out by the German Government, and, later, had charge 
of the reduction of the results. These observations and their dis- 
cussion are printed in an imposing series of volumes, of which 
Vols. II, III, IV, V, and VI have thus far been issued. 

Needless to say, the work was planned with all possible care, 
and the discussion carried out with the thoroughness and accuracy 
which characterize all of Dr. Auwers's work. But though the 
resulting value of the parallax constant is thus probably the best 
that can be attained by this method, — which is not likely to be 
tried again, — it appears from other considerations to be too large, 
and will be of little practical value in astronomical investigations. 

Another method, first proposed by Professor Galle, of Bres- 
lau, is free from many of the difficulties besetting the observation 
of the transit of Venus, and, as the event has shown, is the most 
accurate independent method yet tested. This consists in ob- 
serving from different stations the displacement of the nearer 
asteroids among the stars at about the time of opposition. After 
some experiments. Dr. David Gill, with the co-operation of Dr. 
AuwERS, and of Dr. Elk ins, of Yale, planned and executed an 
elaborate test of this method in 1888 and 1889 by concerted 
heliometer observations of the minor planets Iris, Victoria, and 
Sappho^ at different observatories in the northern and southern 
hemispheres. Dr. Auwers had a direct share in the observations 
themselves, going to the Cape of Good Hope to observe Victoria 
with Dr. Gill, in 1889. 

The important work of constructing the catalogue of definitive 
positions of the comparison stars from the meridian observations, 
which had been especially instituted at a number of difTerent 
observatories, was also intrusted to him. The final value of the 
solar parallax resulting from this investigation is undoubtedly the 
most accurate yet obtained, and is probably very near the truth. 

This brief and imperfect account of Dr. Auwers* s contribu- 
tions to the progress of the science to which he has devoted 
his life is utterly inadequate in its descriptions of the researches 
mentioned in it; and many others — minor indeed, comparatively 
speaking, but yet of great interest and value to astronomers — 
have not even been named. In spite of its incompleteness, how- 
\ ever, enough, I think, has been said to show that Professor New- 
comb's tribute, which I have quoted, is well deserved; and that 
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the trust placed in our Society by Miss Bruce, to award this 
medal ' * for distinguished services to astronomy, * * has been kept 
in spirit as well as in letter, by our bestowal of it upon Geheimer 
Rath Dr. Arthur Auwers. 

In his necessary absence to-night, I hand the award to you, 
Mr. Secretary, to transmit to Dr. Auwers, with the assurance of 
our appreciation of his great achievements, and the expression of 
our hope that, in the investigation of the many problems still 
waiting to be solved, his fellow- workers may long enjoy the advan- 
tage of his co-operation and counsel. 

March 25, 1899. 



SOME PHOTOGRAPHS OF THE GREAT NEBULA IN 
ORION WHICH ARE DIRECTLY COMPAR- 
ABLE WITH DRAWINGS. 



By James E. Keeler. 



In an article printed several years ago in these Publications^^ 
I considered at some length the effect of a supposed non-homo- 
geneous structure of the nebulae on their forms as shown respect- 
ively in drawings and in photographs. The argument was 
briefly this: The nebula is seen by one set of rays, and photo- 
graphed by a different set, so that the two different impressions 
cannot be expected to agree, unless these sets of rays are emitted 
in the same proportions by all parts of the nebula. The same 
considerations apply to any landscape; and it is only because the 
objects in a landscape have sharply defined outlines that the dif- 
ferences between the photograph and the view seen by the eye 
do not strike us more forcibly. 

I do not by any means assert that the cause here mentioned is 
chiefly responsible for the differences between drawings and 
photographs of nebulae. These differences are no doubt mainly 
due to the nature of the object, and the extreme difficulty of 
drawing faint and diffuse forms. It is sufficiently obvious, more- 
over, to any one who looks over such a collection of drawings as 
Professor Holden has brought together in his *' Monograph on 
the Central Parts of the Nebula of Orion,' ^ that many of the 
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observers who tried to draw this object lacked the necessary skill 
with the pencil. Others scribbled a rough diagram, accentuating 
some feature that caught their attention. As a matter of fact, . 
drawings differ among themselves quite as much as they differ 
from photographs. 

However, if it can be shown that the spectrum of a nebula is 
not the same in all its parts, the cause which I have pointed out 
must be operative, and only the extent of its influence can be 
questioned. If the differences in the composition of the light, 
as revealed by the spectroscope, are considerable, some striking 
differences between drawings and photographs may be satisfac- 
torily accounted for. 

In the case of the Orion nebula, differences in the spectrum were 
suspected many years ago by Dr. Muggins, and later by Dr. 
Henry Draper. Large differences were actually found and their 
amounts estimated in 1893 by Professor Campbell. Some doubts 
which were expressed as to the reality of the observed appear- 
ances have been, I think, completely removed,* and it may be 
regarded as certain that the Orion nebula has by no means the 
fundamental sameness of constitution which has generally been 
ascribed to it; but that great differences exist in the relative 
strength of the lines in its spectrum. 

The monochromatic images of the nebula produced by an 
object-glass prism have been photographed by Professor Wm. H. 
PiCKERiNG.f who showed that some slight differences in the 
spectrum of the Huyghenian region could be detected in this way. 
But this theoretically very beautiful method is practically far from 
satisfactory. The separate images thus obtained are feeble, so 
that only the brightest part of the nebula can be photographed; 
the images overlap, and are therefore confused; the many stars 
in the nebula are drawn out into spectra, and are no longer avail- 
able as reference points; and the strong continuous spectra of the 
brighter stars overpower and practically obliterate the images of 
the nebula on which they are superposed. 

In the article to which I have already referred, I suggested 
the use of a color-screen and orthochromatic plate for accomplish- 
ing the same purpose without any spectroscopic appliances; and 
I have recently been able to carry out the experiments there pro- 
posed, with the aid of the Crossley reflector — an instrument 
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which possesses in the highest degree all the qualities required. 
The focal length of this telescope being nearly eighteen feet, the 
images are large; the ratio of focal length to aperture being about 
6: 1, the images are bright; the blue and violet rays of the 
spectrum are reflected with little loss; and there is no chromatic 
aberration such as affects the image formed by a refractor. 

Two color-screens, of a yellowish-green color, were supplied by 
Mr. Carbutt, the well-known dry-plate maker. The plates used 
were the Cramer ** Isochromatic Instantaneous.*' 

In order to understand just what is effected by the color- 
screen used in this way, it is necessary to consider the nature of 
the spectrum of the nebula, the selective absorption of the screen, 
and the sensitiveness of the orthochromatic plate to light of dif- 
ferent wave-lengths. 

The Spectrum of the Nebula, — If the spectrum of the brightest 
part of the nebula (the Huyghenian region) is examined with a 
spectroscope, three bright lines are at once seen. Two, about 
equally bright, are the H)8 line of hydrogen and the line \ 4959. 
The lowest line, which is several times brighter than either of 
these, is the ** chief* nebular line, X 5007. The Hy hydrogen 
line is also visible, but it is not at all bright, and a few other 
lines, due to helium and unknown substances, are visible under 
very favorable conditions. They contribute practically nothing 
to the brightness of the visual image seen in ordinary observation, 
which is almost entirely due to the lines first mentioned. 

These three lines also appear on a photograph of the spectrum, 
taken on an ordinary plate; but their relative intensities are now 
quite different. The chief line is about as bright as H/8, and 
X 4959 is considerably weaker than either. Farther up in the 
spectrum are other and much stronger lines. Chief among these 
are Hy and other lines of the hydrogen series, and a line at 
X 3727, in the ultra-violet. There is also a number of weaker 
lines. The three lines which are seen in visual observation con- 
tribute little to the photographic image of the nebula. 

If the spectrum is photographed on an orthochromatic instead 
of an ordinary plate, the appearance is nearly the same, but there 
is an important change in the relative intensities of the three 
lowest lines, which now nearly agree with the visual intensities. 
All three lines are, moreover, much stronger than before, as com- 
pared with lines in the upper spectrum. 
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Curve of Sensitiveness of an Orthochrontatic Plate. — The 
sensitiveness of an ordinary dry plate is widely different for light 
of different colors. It may be conveniently represented by the 
height of a curve drawn above a map of the spectrum. Experi- 
ment shows that this curve rises gradually from the extreme 
ultra-violet to a maximum near the line Hy, from which it falls 
more abruptly toward H/3. Without forced exposure (seldom 
possible in astronomical photography), it does not extend much 
beyond this line. 

Isochromatic plates (notwithstanding their name) also vary 
greatly with respect to their sensitiveness to light of different 
colors. The curve of sensitiveness is, in its upper part, quite 
like that of an ordinary plate, having a maximum at Hy, but 
instead of ending it merely sinks to a minimum below H)8, and 
then rises again to another, though lower, maximum in the 
yellow. 

These properties of photographic plates explain the differences 
in the relative intensities of the three lowest nebular lines, which 
have already been described. The lowest line, which is brightest 
to the eye, does not affect an ordinary plate so strongly as the 
weaker line H/3. On an orthochromatic plate, owing to the rise 
of the curve of sensitiveness toward the yellow, the brightest line 
is also photographically the strongest. 

Selective Absorption of the Color-Screen. — The color-screens 
used in photography, like colored glasses in general, act by the 
absorption or suppression of certain kinds of light. The rays to 
which they owe their color are transmitted. 

A color-screen, to be effective for the purpose now under con- 
sideration, must transmit the light of the three lowest nebular 
lines, and absorb all light of shorter wave-length. Since the 
nebular lines are in the green or bluish-green part of the spectrum, 
the color of the screen must be green. 

It was found by visual and photographic observations of the 
solar spectrum, and also of the spectrum of hydrogen, that both 
the screens supplied by Mr. Carbutt completely suppressed the 
ultra-violet, violet, and blue rays, the absorption extending down 
as far as H/3. One of the screens, which has a strongly 
yellowish-green color, absorbs even the light in the region of the 
nebular lines to a considerable extent, and although the effect of 
this absorption was to render the photographed nebular lines more 
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nearly with their visual relative intensities, the screen had to be 
rejected, as the loss of light proved to be important. The other 
screen, which has a light-green color, was therefore chosen for 
the observations. Both screens, of course, strongly absorb the 
red, where their action is, however, immaterial in connection with 
the present investigation. 

It will be seen from the foregoing considerations that when 
the spectrum of the nebula of Orion is photographed through 
the color- screen, on an orthochromatic plate, it is reduced to the 
three lines seen in visual observation, and that the visual rela- 
tive intensities of these lines are approximately preserved. Hence 
a photograph of the nebula itself, taken in the same way, is 
directly comparable with the image of the nebula which is seen 
in the telescope in ordinary observation. 

The Crossley reflector has a double-slide guiding apparatus of 
the form devised by Dr. Common. Small errors, due to irregu- 
lar driving, changes of flexure, refraction, etc., are corrected by 
screws which move the plate-holder, the observer guiding by 
means of an eyepiece, with illuminated cross-wires, which is set 
on a star as close as possible to the edge of the (3J5^ x 4^^) plate. 

The color-screen was mounted immediately in front of the 
photographic plate, in a light frame which could easily be re- 
moved. On account of the large angular aperture of the reflec- 
tor, the change of focus produced by the screen was quite 
perceptible, and had to be allowed for when the screen was 
inserted or removed. 

With this apparatus a number of photographs of the Orion 
nebula were taken during the past winter, together with many 
photographs on ordinary plates, without the color-screen, for 
purposes of comparison. But it is not permissible to compare 
photographs taken by these two different methods without taking* 
into account certain peculiarities of photographic action which 
have a great influence on the character of a negative. Every 
photographer knows that the densities of different parts of a 
negative are not by any means proportional to the different 
brightnesses of the objects which they represent. With lights of 
given intensity the relative density of the images, or amount of 
contrast, depends upon the length of exposure, quickness of the 
plate, manner of development, and other factors, and it can be 
made to vary within very wide limits. It is quite possible, for ex- 
ample, to reverse the order of brightness, so that the brighter 
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object shall give the weaker image. These facts depend on prin- 
ciples which are constantly taken advantage of in ordinary pic- 
torial photography. 

We may, however, safely assume, if we leave out of consid- 
eration certain cases not likely to occur in such investigations as 
these, that if all the conditions, including the quality of the light, 
have been the same, equally dense parts of the negative have 
been produced by equally bright parts of the object. Compari- 
sons of some value can be made even on a basis no wider than 
this. But as' I wished to draw conclusions from differences as 
well as from equality of density, efforts were made to obtain pho- 
tographs, by the different methods, which should be directly com- 
parable in this respect. What I aimed at, therefore, was to pro- 
duce two photographs of the nebula on the same night, one taken 
on an ordinary plate and in the ordinary manner, the other taken 
on an orthochromatic plate through the color-screen, the expo- 
sures in the two cases being so timed that the two negatives, when 
placed in a tray and developed together, should develop in the 
same manner, and should appear equally dense when fixed. The 
conditions, as stated, apply to the Huyghenian region. On some 
occasions they were pretty nearly fulfilled. 

For example, on February 9, 1899, an orthochromatic plate, 
protected by the color-screen, was exposed in the telescope for 
two hours and twenty minutes. The screen was then removed, 
the focus readjusted, and exposures of four, five, and six minutes, 
respectively, were given to three ordinary plates. The four plates 
were placed in a tray and developed together, when it was found 
that the four- minute plate and the orthochromatic plate developed 
with about equal rapidity, the Huyghenian region ** coming up ** 
in the same manner on both plates. 

I had hoped that a moderate exposure through the color- 
screen would be sufficient to show a large amount of nebulosity, 
giving such a picture of the nebula as the eye would see if its 
sensitiveness could be greatly increased. But the first experi- 
ments showed that the photographic activity of the rays trans- 
mitted by the screen was so small that such a result could not 
possibly be obtained. This is evident from the example already 
given, the exposure in one case being thirty-five times that in the 
other. 

However, the failure of the orthochromatic plate to show a 
great amount of nebulosity is not entirely caused by the insensitive- 
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ness of the plate to the nebular rays of low refrangibility. Compar- 
ing two plates taken in the manner described above, on which the 
Huyghenian region has the same density, I find that a much 
greater amount of nebulosity is shown on the ordinary dry plate. 
Conversely, if the two photographs show approximately the same 
amount of diffuse nebulosity, the Huyghenian region is very much 
stronger on the orthochromatic plate. This is the chief result of 
the investigation. It shows that, compared with the Huyghenian 
region, the nebular lines of the visual spectrum are faint, and the 
hydrogen lines strong, in the remote portions and outlying 
streamers of the nebula. Thus the spectroscopic observations 
made at Mt. Hamilton are confirmed, and the conclusions based 
on them extended to parts of the nebula which are beyond the 
reach of visual methods. 

A valuable check on the comparisons is afforded by the nu- 
merous stars which are scattered through the nebula. These 
stars are presumably, like nearly all the stars in the same con- 
stellation, and particularly stars which are involved in the nebula, 
of the first spectral type, and rich in ultra-violet light. Their 
actinic power is therefore reduced by the screen in at least as 
great a ratio as that of the nebula. Hence if on plates with 
equally dense images of the Huyghenian region, taken by the 
two different methods, the stars appear in equal number and with 
equal strength (which is approximately the case), while the diffuse 
nebulosity is extremely weak on the one taken with the color- 
screen, the explanation can only be that which has already been 
given. Such is in fact the nature of the difference between plates 
compared in this manner. 

The orthochromatic photographs, in giving great relative 
strength to the Huyghenian region, are evidently in accordance 
with drawings. Some more special results of the comparison of 
the two different kinds of photographs are given below. 

Extending from the southeast corner of the Huyghenian region 
toward the south, is a long scimetar-like streamer which is visible 
in quite a small telescope. It was in fact discovered by Messier, 
as long ago as 1771. Close to it, on the west, and running 
parallel to it, is a shorter streamer, which is not easily visible, 
even in a large telescope. It is not shown in the drawings of 
Herschel, Lord Rosse, Bond, Trouvelot, or in any of the 
•drawings I have examined except one — the drawing made by 
Lassell in 1862. 
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These two branches of the nebula are well shown in the pho- 
tograph which forms the frontispiece of No. 66 of these PublU 
cations^ and it will be observed that they have nearly the same 
intensity. Even with much shorter exposures, on ordinary 
plates, it is difficult to obtain an impression of the stronger 
branch without some indication of the existence of the weaker. 

This dkcrepancy between celebrated drawings and photo- 
graphs taken by the usual methods is explained at once by these 
investigations. The orthochromatic photographs and the draw- 
ings agree. On the plates taken with the color-screen the 
Messerian branch is strong and distinct, the companion only 
faintly visible. The inference is that in the spectrum of the 
former the lowest nebular lines are relatively strong, while in that 
of the latter the lines of hydrogen predominate. 

The nebulosity surrounding the star Bond 734, north of the 
main nebula, is greatly weakened by the color-screen, a fact which 
shows that the less refrangible nebular lines are weak in this 
region, and confirms the spectroscopic observations made at Mt. 
Hamilton. The image photographed through the color-screen is 
no doubt almost entirely due to the light of the H/3 line. 

West of the nebula, ordinary photographs reveal some beauti- 
ful curves of nebulosity, with bright scalloped edges which are 
nearly as bright as the Messerian branch (see the frontispiece, 
No. 66). They are easily photographed with an exposure of two 
minutes. They are not visible, however, in the telescope, and of 
course are not shown on any drawing of the nebula. These bright 
curves of nebulosity are faintly shown on only one of my photo- 
graphs taken with the color-screens. The explanation is the same 
as that which has been given for the other cases considered. 

Some other differences are brought out by comparisons like 
these, but the above are the most interesting cases. 

The photographs taken through the color-screen are not suit- 
able for reproduction, on account of the great differences of den- 
sity which they exhibit. I have therefore merely described the 
results obtained by comparing them with ordinary photographs, 
and have given the conclusions which I think one is justified in 
drawing from the comparison. In the photographic work at the 
telescope I had the efficient assistance of Messrs. E. F. Codding- 
TON and H. K. Palmer, Fellows at the Lick Observatory. 

The foregoing article contains, in somewhat more popular 
form, the substance of a paper contributed to the Astrophysical 
Journal, 
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LIST OF EARTHQUAKES IN CALIFORNIA FOR 

THE YEAR 1898. 



Compiled by C. D. Perrine. 

The following list is a continuation of similar reports printed 
in these Publications, Vol. II. p. 74; Vol. Ill, p. 247; Vol. V, 
p. 127; Vol. VI, p. 41; Vol. VII, p. 99; Vol. VIII, p. 222; Vol. 
IX, p. 37; Vol. X, p. 64. A more complete account will be pub- 
lished by the United States Geological Survey as a bulletin. The 
dates are civil dates. The times are Pacific standard X 120th 
meridian). 

Roman numerals inclosed in parentheses indicate the intensity 
on the Rossi -Forel scale. 

In 1898 twenty-four shocks of earthquake were recorded in 
California, a decrease of one as compared with 1897. 

Two of the disturbances, viz.. those of March 30th and April 
14th, were very severe, comparable in intensity and damage with 
the worst shocks experienced here during the past half-century. 

List of Earthquake Shocks, 1898. 

January i. Santa Rosa, 5 a.m. 

February 7. Mt. Hamilton, o^ 38°^ 3' a m., P. S. T., (I, II). 

March 7. Pacific Ocean, midway between Mazatlan and 
Hawaiian Islands, 10:12 p.m., G. M. T. 

March 17. Highland Springs, o** a.m. 

March 30. A severe shock in the central portion of the State, 
doing considerable damage to property. The center of the 
disturbance seems to have been in the vicinity of Vallejo and 
Mare Island. Mt. Hamilton, 1 1*" 42" 22' to ii** 43" 2' p.m., 
P. S. T. , (V) C. D. P. Heaviest shock at 1 1*- 42°^ 45' P. S. T. , 
R. H. T. Berkeley, 11'' 42™ 26* p.m., P. S. T.; Alameda, 
College Park, Carson City (Nevada), ii*'45"p.m. ; Mills Col- 
lege, Antioch, Benicia, Bolinas, Colusa, Lodi, Martinez, Mon- 
terey, Pacific Grove, Del Monte, Modesto, Napa, Port Costa, 
Petaluma, Sonoma, Santa Cruz, St. Helena, Suisun, San 
Rafael, San Quentin, Sacramento, San Jos6, Santa Rosa, 
Stockton, Vallejo, Walnut Creek. 

April 12. College Park, 4 p.m. 
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April 14. San Francisco, 10:53, 11:07 p.m.; Oakland, 
Eureka, Mendocino, Little River, Point Arena, Greenwood, 
Ukiah, Fort Bragg, Berkeley, Mills College, 11:05 p.m.; 
Alameda, College Park, 1 1** 10° 39' p.m. The center of this 
disturbance was on the coast near Mendocino City, and did 
some damage in the country about. The shock was dis- 
tincdy felt in the Bay counties, but was not noticed at Mt. 
Hamilton. 

April 18. Prairie Camp (Mendocino County). 

April 25. Albion, Mendocino. 

April 26. College Park, 12:30 ±: p.m. 

May 2. College Park, 6:02 A.M. ; Salinas 6:05 A.M. ; Santa Cruz. 

May 9. Gilroy, 7 a.m. 

May 20. Mt. Hamilton, 6'* 48" 53' ± >^' a.m., P. S. T. ; College 
Park, 6** 49° a.m. 

May 22. College Park, 11^ 15" a.m. 

May 29. Santa Barbara, 7** 03™ p.m. 

June 3. Los Olivos, lo*" 20° p.m., Santa Barbara, 10" 18" p.m. 

June «. Point Arena, 11:30 (a.m), 1 (p.m.). 

June 30. Los Angeles, ii** 26" or 28" p.m. 

July 19. Powder-mill explosion at Melrose, Alameda County, 
5** 20° 47' ±: 2' a.m. Timed by Mr. A. H. Babcock. 

August 7. San Francisco, ii*'57° am.; Oakland, Berkeley, 
Alameda ( ? ). 

August 12. Alameda, Mills College, 6** 10° a.m. 

August 19. Albion, 2:30 p.m. Reported by Mr. Ralph B. 
Funk. 

October 27. Mt. Hamilton, 2** 22" 24' or 25' p.m., P. S. T.,(II). 

November 5. Mt. Hamilton, 9** 9" 8' it 5' p.m. 

Novemberr9. Mt. Hamilton, ii** 27"oi* a.m., (II). 

December 5. Heavy explosion at the powder- works at Pinole, 
Contra Costa County. Timed in San Francisco at 3** 28" 58* 
p.m., p. S. T., by Mr. Everett Hay den. U. S. N. 

December 7. Alameda, 7** 38" 47' p m., P. S. T., (Ill or IV). 
The shocks at College Park were reported by Professor H. D. 

Curtis; from Carson City, by Professor C. W. Friend. 

Mt. Hamilton, Gal., 1899, February 18. 
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ELLIPTIC ELEMENTS OF COMET b, 1898 (PERRINE), 



By Heber D. Curtis. 



From twenty-four observations by C. D. Perrine, and one 
each by G. Ciscato and A. Antoniazzi, the following normal 
places were formed: — 





1898. 


a 


a 


Obs. 


I. 


March 22.0 


21*' 25" 48*. 47 


18° 46' 28".'2 


7 


n. 


April 28.0 


18 I .97 


49 13 47 .1 


7 


in. 


June 6.0 


3 31 35-99 


56 17 15 .9 


6 


IV. 


July 19.0 


5 34 7-35 


53 31 34.1 


6 



From these places the following elements were computed: — 

Perihelion, 1898, March 17. 1 1895 G. M. T. 
Epoch, March 20.0, 1898, G. M. T. 
M = 0° o' 25". 4 

•K z^ 47 18 20 .2 'J 

O — 262 26 3 .6 >• 1898.0 

^ = 72 31 55 .8 ) 
</> -- 78 29 56 .2 

Period 402.789 years. 

log a := 1. 736718 
log q -^ 0.039459 
log e = 9.991 191 
log/x= 0.944929 

Residuals for the middle places (C — O): — 

A A' = + o".2 A )3' = + 2".3 
AV'= o .0 A^" = - I .4 

Constants for the equator of 1898.0: — 

'9-512398] sin ( 23° 26' i4".2 + v) 



X = r ^ 

y = ^[9.999996; 

2 = r [9. 975703 
College Park, February, 1899. 



sin (292 43 47 .5 + z;) 
sin ( 22 38 46 .0 + v) 



OBSERVATIONS OF M/RA (o Gf//). 1898-99. 

Bv Rose O'Halloran. 



As cloudiness prevailed during the summer nights for several* 4 
successive weeks, satisfactory observations of this variable were- 
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not obtained until September gth, since which date more than 
ninety estimates of its comparative brightness were made, an 
opera-glass or a four-inch telescope being used when required. 
The general result is conveyed in the following data : 

September 9, 1:30 a.m. Equal to y Ceti, 

September 18, 11 p.m. Brighter than y. 

September 22, 11 p.m. About midway between a and y Ceti, 

September 28, 10:30 p.m. One fourth less than a Ceti, 

October 4, 2 a.m. Near the meridian the stars seem alike in 

tint and brightness, though the variable has the lower altitude. 

This is the highest magnitude it has attained during the 

maxima of the last ^v^ years. 
October 12, 4:30 A. M. Slightly dimmer than a. 
October 16. Ditto, with equal altitudes and a clear, dark sky. 
October 25. The difference has gradually increased, and it is 

now about one fourth dimmer than a. 
November i . Midway between a and y Ceti, 
November 11. It is one fourth brighter than y Ceti, 
November 15. In its decreasing stage it again equals this star, 

classed as nearly of third magnitude. 
November 21. In hazy moonlight seems less than y. 
November 28. Midway between y and 8 Ceti, 
December 3. Equal to 8. 
December 8. Half a magnitude less than 8. 
December 13. Equal to XI Piscium of fifth magnitude, which 

has a similar reddish tint. 
December 18. Barely discernible to the naked eye, but slightly 

brighter than 69 Ceti, 
December 26 Still brighter than 69, 70, and the other adjacent 

stars of sixth magnitude. 
January 2, 1899. Equal to 69 Ceti, 
January 5. Not equal to 69, but brighter than 71 Ceti, 
January 19. After two weeks of cloudy nights the variable was 

found to be dimmer than 71 Ceti, 
January 25. About half a magnitude less than 71. 
January 29. Equal to an adjacent star of eighth magnitude. 
February 6. Midway between eighth and ninth magnitude ac- 
cording to the D. M. stars in vicinity. 
February 18. No noticeable decrease. 
March 4. Still of 8.5 magnitude. After this date satisfactory 

observations were not obtained. 
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This is the first time for several years that it has been possible 
to observe the decline to eighth magnitude of this wonderful star. 
It is of interest to note the unevenness of the pace at which it 
varied. In its ascending stage it took only twenty-five days to 
increase from the luster of y Ceti to that of a Ceti; but in the 
process of decline forty-two days were required to sink to equality 
with the lesser star. When the maximum was past, there was no 
revival of lost light, except what may be attributed to atmos- 
pheric causes; but the decline from fourth to fifth and from 
seventh to eighth magnitude was more rapid than the intervening 
variations. 

San Francisco, March ii, 1899. 



PLANETARY PHENOMENA FOR MAY AND 

JUNE, 1899. 



By Professor Malcolm McNeill. 



May. 



Mercury is a morning star throughout the month, and comes 
to its greatest western elongation on May 9th. The planet is then 
near its aphelion, and the apparent distance, 26°, is quite large, 
but since the planet is about 10° south of the Sun the interval 
between the rising of the planet and sunrise will be only about 
an hour, and Merairy cannot be spen except under very good 
weather conditions during the first half of the month. 

Venus is a morning star, and throughout the month rises about 
I** 20" before sunrise. It is moving eastward and northward 
through the constellation Pisces into Aries with a velocity just 
a little greater than that of the Sun's apparent motion among 
the stars, the total distance traversed being about 35°. 

Mars still remains in good position for evening observation, 
and does not set until after midnight until nearly the end of the 
month. During the month it moves about 15° eastward and 5® 
southward from the constellation Cancer into Leo, from a posi- 
tion near y Cancri to a position 5° west and 3° north of Regulus^ 
the brightest star in Leo, Its actual distance from the Earth keeps 
on increasing at the rate of over 20,000,000 miles per month, i 
and it is losing constantly in brightness. 
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Jupiter is in good position for observation, being well above 
the horizon at sunset, and not setting until long after midnight 
It is in the constellation Libra, and moves westward and north- 
ward about 3° during the month. At the end of the month it lies 
about half-way between a Libra and Spica (a Virginis), 

Saturn is gradually getting into position for evening observa- 
tion, and rises during the evening twilight at the end of the month. 
It is in the southern part of Ophiuchus, near Scorpio and Sagit- 
tarius, and moves about 2° westward during the month. 

Uranus is in oppK)sition with the Sun on May 27th, and is 
above the horizon during the entire night at that time. It is in 
the constellation Scorpio , 5° north of the first- magnitude star, 
AntareSy and moves about 1° westward during the month. 

Neptune is in the eastern part of Taurus, 

June. 

Eclipses, The first is 2^ partial eclipse of the Sun on June 8th. 
It will be visible in Europe and throughout the regions not too 
far from the North Pole, including Alaska, where the eclipse 
occurs at about sunset of June 7th. 

The second is a total eclipse of the Moon, It will not be visi- 
ble in the eastern part of the United Slates, but the begin- 
ning of it may be seen in the far west a little before sunrise on 
June 23d. 

Mercury is a morning star at the beginning of the month, 
too near the Sun to be seen. It rapidly nears the Sun, passes 
superior conjunction on June 14th, and becomes an evening star. 
Its distance from the Sun increases rapidly, and by the end of the 
month it is far enough away so that it can be seen in the evening 
twilight. 

Venus still keeps up its eastward motion just a little faster 
than the Sun's, and rises less than an hour and a half before sun- 
rise. It moves from Aries nearly through Taurus, 

Mars is gradually drawing nearer the Sun in apparent position, 
and is no longer a conspicuous object. It moves 16° eastward and 
6^ southward through the constellation Leo, and on June 12th 
passes less than 1° north of Regulus, the principal star of the 
constellation. At the end of the month its distance from the 
Elarth is 176,000,000 miles, and its light will be only about one 
ninth of what it was at opposition. 

Jupiter does not set until after midnight. It is in the constel- 
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lation Libra, and moves westward i° until June 27th, when it 
begins to move eastward. 

Saturn rises about sunset, and can be seen throughout the 
entire night. It is in opposition with the Sun on June i ith. It is 
in the extreme southern part of Ophiuckus^ and moves westward 
about 2®. 

Uranus is about an hour's motion ahead of Saturn, is in the 
constellation Scorpio, and moves westward about 1°. It is 5° 
north and west of Antares, and 3° east and ij4® south of fi 
Scorpii at the end of the month. 

Neptune is in conjunction with the Sun on June 15th. 

Phases of the Moon, P. S. T. 



Last Quarter, 


May 2 


H 

. 9 


. M. 

47 A. M. 




H. M. 




New Moon, 


May 9 


, 9 


39 A. M. 


une 7, 


10 20 P. 


M. 


\ First Quarter, 


May 17 


» 9 


13 A. M. 


• 


une 16, 


I 46 A. 


M. 


Full Moon, 


May 24 


. 9 


49 P. M. 


« 


une 23, 


6 20 A. 


M. 


Last Quarter, 


May 31 


, 2 


55 P- M. 




une 29, 


8 45 P. 


M. 








The Sun. 










R. A. 


Declination. 


Rises. 


Transits. 


Sets. 




1899. 


Ha Ala 





/ 


H. M. 


H • fln a 


. H. M. 




May I. 


2 34 


+ 15 


6 


5 5 A.M. 


II 57 A.M. 


6 49 P.M. 


II. 


3 12 


+ 17 


54 


4 53 


II 56 


6 59 




21. 


3 52 


+ 20 


12 


4 44 


II 56 


7 8 




June I. 


4 37 


+ 22 


4 


4 39 


II 58 


7 17 




II. 


5 18 


+ 23 


6 


4 35 


II 59 


7 23 




21. 


5 59 


+ 23 


27 


4 36 


12 I P.M. 


7 26 




July I. 


6 41 


+ 23 


7 


4 40 


12 4 


7 28 










Mercury. 








May I. 


I 6 


+ 4 


26 


4 15 A.M. 


10 30 A.M. 


4 45P 


.M. 


II. 


I 36 


+ 6 


32 


3 57 


10 19 


4 41 




21. 


2 23 


+ 11 


14 


3 48 


10 27 


5 6 




June I. 


3 35 


+ 17 


53 


3 52 


10 55 


5 58 




II. 


5 


+ 23 


II 


4 17 


II 41 


7 5 




21. 


6 35 


+ 24 55 


5 5 


12 37 P.M. 


8 9 




July I. 


7 59 


+ 22 


30 


6 I 
Venus. 


I 22 


8 43 




May I. 


22 


— 


38 


3 43 A.M. 


9 45 A.M. 


3 47 P.M. 


II. 


I 6 


+ 5 


8 


3 33 


9 50 


4 7 




21. 


I 51 


+ 9 


32 


3 23 


9 56 


4 29 




June I. 


2 42 


+ 14 





3 15 


10 3 


4 51 




II. 


3 30 


+ 17 


32 


3 10 


10 II 


5 12 




21. 


4 20 


+ 20 


20 


3 10 


10 22 


5 34 




July I. 


5 II 


+ 22 


16 


3 14 


i< 


3 34 


5 54 
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Mars. 



\ 



May I. 


8 39 +20 


32 10 48 A.M. 


6 I P.M. 


I 14A.M. 


II. 


8 58 +19 


6 10 34 


5 41 


12 48 


21. 


9 17 - 


-17 


29 10 20 


5 21 


12 22 


June I. 


9 40 - 


h 15 


31 10 6 


5 


II 54 P.M. 


II. 


10 + 13 


34 9 54 


4 41 


II 28 


21. 


10 21 H- II 


28 9 44 


4 23 


II 2 


July I. 


10 43 +9 


13 9 33 


4 5 


10 37 








Jupiter, 






May I. 


14 II - 


- II 


43 6 12 P.M. 


II 32 P.M. 


4 52A.M. 


^une I. 


13 59 - 


- 10 


40 3 55 


9 18 


2 41 


July I. 


13 55 - 


- 10 


27 I 52 
Sa turn. 


7 16 


12 40 


May I. 


17 30 - 


- 21 


47 10 13 P.M. 


2 55 A.M. 


7 37 A.M. 


June I. 


17 22 - 


- 21 


40 8 2 


12 45 


5 28 


July I. 


17 13 - 


- 21 


33 5 50 
Uranus, 


10 33 P.M. 


3 16 


May I. 


16 21 - 


- 21 


23 9 3 P.M. 


I 46 A.M. 


6 29A.M. 


June I. 


16 16 - 


- 21 


II 6 51 


II 35P-M. 


4 19 


July I. 


16 II 


- 20 


59 4 47 
Neptune 


9 32 


2 17 


May I. 


5 29 +22 


7 33 A.M. 


2 52 P.M. 


10 II P.M. 


une 1. 

1 


5 34 +22 


4 5 36 


12 55 


.8 14 


July I. 


5 39 +22 


7 3 37 


10 57 A.M. 


6 17 




Eclipses of Jupiter's Satellites, P. S. 


T. 




(Off right- 


hand limb as seen in an inverting telescope.) 








n« M« 




H. M. 


Ill, R, 


May 2. 


10 II P.M. I, R, 


June 4. 


3 58 A.M. 


II, R, 


4. 


9 42 I, R, 


5. 


8 27 P.M. 


I, R. 


4. 


II 53 11, R. 


5- 


9 29 


I, R, 


6. 


6 22 III, R. 


7- 


6 2 


III, R, 


10. 


2 


9 A.M. I, R, 


12. 


10 21 


11, R, 


12. 


12 I 


9 II. R, 


13- 


12 7 A.M. 


I. R, 


13- 


8 I 


5 P.M. Ill, D, 


14. 


8 31 P.M. 


II, R. 


19. 


2 56 A.M. Ill, R, 


14. 


10 


I, R. 


20. 


10 10 P.M. I, R, 


20. 


12 I5A.M. 


I, R, 


28. 


12 


4A.M. I, R, 


21. 


6 44 P.M. 


I. R, 


29. 


6 32 P.M. Ill, D, 


22. 


12 30 A.M. 


II, R. 


29. 


6 5 


2 I, R, 


28. 


8 39 P.M. 



NOTICES FROM THE HCK OBSERVATORY." 



Preparbo bv Members op the Staff. 



Comet Swift a 1899. 
About midnight, March 3d, a telegram was received at the 
Lick Observatory from Dr. Lewis Swift, of the Lowe Observa- 
tory, Echo Mountain, announcing his discovery of a new comet, 
which he described as large, very bright, and having a short tail. 
From my observations on the three following nights, I have 
computed the elements of the orbit given below. According to 
these elements the motion of the comet is retrograde, and in a 
short time its apparent place will be so near the Sun as to render 
observations of it impossible. After passing perihelion it will be 
north of the ecliptic, and its position with reference to the Earth 
and Sun will be such that it may readily be observed in the 
northern hemisphere after the early part of May. At discovery 
it was just visible to the naked eye, and in May its theoretical 
brightness will be about the same. It may be remembered, how- 
ever, that shortly after perihelion passage ihe brightness of comets 
frequently exceeds that given by theory, and especially so when 
they have passed very near the Sun. The perihelion distance of 
this comet is about 32,000,000 miles. This is not a very small 
distance, yet is much less than the average, which for the 303 
cometary apparitions of this century is about 87.000.000 miles. 

At the time of iny first observation of Comet Swift, it had a 
well-defined nucleus of about the tenth magnitude, a large coma, 
six or eight minutes of arc in diameter, which was very difi'use at 
the edges, and a slight indicrition of a tail. Since then the 
central part of the comet has changed somewhat in appearance. 
The luicleus is not so distinctly stellar; it appears rather as the 

• Lick ABIronomicat Department oFlhe ITnivenity of Calirornia. 
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point towards which the coma increases rapidly in density and 
brightness. At the later observations the tail also has been more 
definite in form and of greater length. 

ELEMENTS. 

T ■— 1899 April 13.26427, Gr. M. T. 

<^ = 4"" 54' I4''.4 

O = 23 8 45 -2 ^ 1899.0 

/ — 146 3 42 .6 

log^ r= 9.537504. 

AV cos /3' = + 3".o AjS' = — 4". 9 

W. J. HUSSEY. 



A New Star in Sagittarius, 

From an examination of the Draper Memorial photographs, 
Mrs. Fleming has discovered a new star in the constellation 
Sagittarius, Its position for 1900 is R. A. 18** 56". 2; Decl. 
— 13° 18'. It was too faint to be photographed on eighty plates 
taken between October 18, 1888, and October 27, 1897, although 
stars as faint as the fifteenth magnitude appear on some of them. 
It appears on eight photographs taken while it was bright. On 
March 8, 1898, it was of the fifth magnitude, and on April 29, 
1898, of the eighth magnitude. A plate taken this morning 
(March 9, 1899) shows that the star is still visible, and is of the 
tenth magnitude. Two photographs show that its spectrum re- 
sembles those of other new stars. Fourteen bright lines are 
shown, six of them due to hydrogen. 

The entire number of new stars discovered since 1885 is six, 
of which ^v^ have been found by Mrs. Fleming. 

Harvard College Observatory, E. C. Pickering. 

March 9, 1899. 

Communication Concerning the Publication of an 

Annual Astronomical Report. 

I intend to publish an " Astronomischer Jahresbericht mit 
Unterstiitzung der Astronomischen Gesellschaft ' * (Astronomical 
Yearly Report aided by the Astronomische Gesellschaft). It will 
give short reports of all the works on astronomy, astrophysics, 
and geodesy, both practical and theoretical, which have appeared 
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during the year. The first volume will appear in 1900, and will 
contain reports of all the publications of 1899. Not wishing to 
overlook anything, I should be much obliged if all authors of such 
publications, appearing as single books or articles in journals not 
usually destined and used for astronomical publications, would 
kindly communicate them to me. 

Walter F. Wislicenus, Ph. D., 

Professor at the University. 
Strassburg (Elsass), Nicolausring 37. 
January, 1899. 

Astronomical Telegrams. 

( Translations. ) 

Cambridge, Mass., March 3, 1899. 
To Lick Observatory: (Received 9:50 p.m.) 

Kiel cables asking Lick please to look for Tuttle*s periodic 
comet.* Please telegraph any observation. 

(Signed) Edward C. Pickering. 

Lowe Observatory, Echo Mt., Cal., March 3, 1899. 
To Lick Observatory: (Received 12:00 p.m.) 

Comet in R. A. 3*^ 45"; Decl. — 29°. Large, very bright, 
short tail. (Signed) Lewis Swift. 

Boston, Mass., March 4, 1899. 
To Lick Observatory: (Received 12:38 p.m.) 

Swift announces bright naked- eye comet. R. A. 3** 45"; 
Decl. — 29®. Short tail, slow. 

(Signed) John Ritchie, Jr. 

Mt. Hamilton, March 4, 1899. 
To Harvard College Observatory: (Sent 10:02 p.m.) 

Comet Swift was observed by W. J. Hussey on March 4.6356 
G. M. T. in R. A. 3*' 48" 4'. 3; Decl. —27° 7' 52". 

Mt. Hamilton, March 6, 1899 
To Harvard College Observatory: (Sent 10:30 a.m.) 

Comet Swift was observed by W. J. Hussey on March 5.6478 
G. M. T. in R. A. 3*' 42" i2'.6; Decl.— 25^36' 54". 



•The search ephemeris given in this telegram is here omitted. 
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Mt. Hamilton, March 6, 1899. 
To Harvard College Observatory: (Sent 9:23 p.m.) 

Comet Swift was observed by W. J. Hussey on March 6.6523 
G. M. T. in R. A. 3^36"44'.5; Decl. — 24° 8' 32". 

Cambridge, Mass., March 7, 1899. 
To Professor James E. Keeler: (Received 6 p.m.) 

Kiel cables that a faint comet was discovered by Wolf on 
March 5.325 G. M. T. in R. A. i" 16"; Decl. + 31° 38'. Daily 
motion in R. A. + 56'; in Decl. — 14'. Probably Tuttle's 
periodic comet. (Signed) Edward C. Pickering. 

Cambridge, Mass., March 7, 1899. 
To Lick Observatory: (Received 9:07 p.m.) 

Davis telegraphs that Comet Swift was observed by Brown 
[at Washington], on March 5.5467 G. M. T. in R. A. 3** 42°46'.9; 
Decl.— 25° 45' 49". Edward C. Pickering. 

Mt. Hamilton, March 8, 1899. 
To Harvard College Observatory: (Sent 12:08 p.m.) 

Comet Wolf was observed by C. D. Perrine on March 
7.6569 G. M. T. in R. A. i»^ 24°' 51 '.3; Decl. + 31° 7' 14". 

Mt. Hamilton, March 8, 1899. 
To Harvard College Observatory: (Sent 4:51 p.m.) 

Elements and ephemeris* of Comet a (Swift) were computed 
by W. J. Hussey, as follows: 

T = G. M. T. April 13.26. 

<-= 4° 54') 

O == 23 9 > 1899.0 

i = 146 4 ) 

Natural q = 0.3447. 

Cambridge, Mass., March 9, 1899. 
To Professor James E. Keeler: (Received 5:00 p.m.) 

Kiel cables a corrected ephemeris * for Comet Tuttle, which 
was computed by J. Rahts. 

(Signed) Edward C. Pickering. 

• The ephemeris is here omitted. 
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Award of the Gold Medal of the Royal Astronom- 
ical Society. 

At the anniversary meeting of the Royal Astronomical 
Society on Friday last [February lo, 1899] Mr. Frank 
McClean, F. R. S., was awarded the Gold Medal of the 
Society for his photographic survey of stars in both hemispheres, 
and other contributions to the advancement of astronomy. — 
Nature, 

A New Satellite of Saturn. 

A new satellite of the planet Saturn has been discovered by 
Professor William H. Pickering, at the Harvard College 
Observatory. This satellite is three and a half times as distant 
from Saturn as /afietus, the outermost satellite hitherto known. 
The period is about seventeen months, and the magnitude fifteen 
and a half. The satellite appears upon four plates taken at the 
Arequipa Station with the Bruce photographic telescope. The 
last discovery among the satellites of Saturn was made half a 
century ago, in September, 1848, by Professor George P. Bond, 
at that time Director of the Harvard College Observatory. 

Edward C. Pickering. 
Harvard College Observatory. 
March 17, 1899. 

A Laboratory Manual in Astronomy. Bv Mary E. Byrd, 
A. B., Director of the Observatory, Smith College. Ginn 
& Co. Boston, IX + 273 pp. $1.35. 

The title of this little book indicates very accurately its aim 
and scope. It lays no claim to the name of a text-book in 
astronomy, and gives practically no definitions of astronomical 
terms nor descriptions of the usual appliances of a working 
observatory. It is designed to be used in connection with a 
standard text-book (like Young's or Newcomb's), in precisely 
the same maimer as a laboratory manual in chemistry or in 
physics would be used — to suggest, outline, and illustrate experi- 
ments to be performed by the student himself. 

In her preface the author says: ** Whether the study of 
astronomy is taken up first in secondary schools or colleges, 
years of experience have convinced me that it is best to devote 
at least one term to general astronomy and naked -eye observa- 
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tion. An unobitructed place for watching the heavens, a few 
home-made instruments, and evening hours of laboratory instruc- 
tion will, I believe, do more to foster a genuine interest in astron- 
omy or prepare for the use of instruments of precision than any 
amount of text-book study which is supplemented only by desultory 
star-gazing. * ' 

The book has thus grown out of the author's own experience 
and the needs of her students, and will commend itself to any one 
who has attempted to teach astronomy to beginners as eminently 
practical. 

The suggestions for beginners in the introductory chapter, 
respecting the working-list, personal bias, errors, weights, rules 
for recording, etc., are admirably stated, and may be read and 
heeded with profit by some who are not beginners. The second 
chapter describes some simple home-made instruments, and gives 
<lirections for their adjustment and use. Then follow chapters on 
almanacs and maps, celestial globe, and heliotellus, thtr Sun, the 
Moon, planets, comets, and shooting stars, stars and Milky Way, 
smd finally a chapter on observations for an inch-and-a-half tele- 
scope, and several useful appendixes. In all these chapters a list 
of suggestive exercises or questions comes first, the answers to 
"which are to be worked out by the students themselves from direct 
observations or the data furnished by observation. 

These exercises have evidently been selected very judiciously, 
and the suggestions and illustrations that occupy the remaining 
part of each chapter contain sufficient information to make the 
"book a useful one to an intelligent student, even without the aid of 
a teacher. One who has worked through it carefully will have a 
practical grasp of the objects and methods of astronomical work 
that can be gained so easily in no other way, and will be well 
prepared to begin work with the ordinary instruments of precision 
of the observatory. R. G. A. 

March i, 1899. 

Errata in Appendix of American Ephemeris for 1900. 

The obliquity of the ecliptic, as given in the Appendix ** On 
the Construction of the American Ephemeris and Nautical Alma- 
nac for 1900," is three degrees in error, being this amount too 
small. On the same page (p. 541) the adopted semi-diameter 
of the Sun is one minute too large. W. J. HussEV. 
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Minutes of the Special Meeting of the Board of 

Directors of the Astronomical Society of the 

Pacific, held in the Rooms of the Society, on 

Saturday, November 26, 1898, at 2 p.m. 

Mr. AiTKEN presided. A quorum was present. 

The purpose of the meeting being the Second Award of the Bruce 
Gold Medal, the letters received from the Directors of the six nomi- 
nating Observatories were submitted by the Secretary. After a careful 
consideration of the recommendations contained in these letters, the 
selection of the Medalist was made by ballot, and the following certifi- 
cate of bestowal was signed by all Directors present: — 

San Francisco, November 26, 1898. 

Second Award of the Bruce Medal. 

We, the undersigned Directors of the Astronomical Society of the 
Pacific, hereby certify, that, in accordance with the Statutes for the 
bestowal of the Bruce Medal, a special meeting of the Board of Direc- 
tors was held this day, at 2 o'clock p.m., for the purpose of awarding 
the medal for the year 1899; and that, the provisions of the Statutes 
relatmg to its bestowal having been complied with, the medal was 

awarded to — 

ARTHUR AUWERS, 

for Distinguished Services to Astronomy, by the consenting votes of 
eight Directors. 

Signed: R. G. Aitken, C. M. St. John, Rose O'Halloran, 
Wm. M. Pierson. Frederick H Shares, C. D. Perrine (byproxy)^ 
James E Keeler (by proxy), F. R. Zi Ki- 



ln response to a request made by one of the nominating Observa- 
tories, the Board of Directors A. S. P. construes the provision in Article 
V of the Statutes, referring to "Astronomers worthy to receive the 
medal for the ensuing year," to cover services rendered during the life- 
time of the nominee. 

Adjourned. 

On January i, 1899, ^^e Secretary addressed a letter to Professor 
Auwers, notifying him of the action taken by the Directors. The fol- 
lowing letter of acceptance was received on February 21st: — 

( Translation) 
Mr. F. R. Ziel, Secretary, Berlin, January 31, 1899. 

Dear Sir: I am in receipt of your communication of the ist inst, \x% 
which you notify me of the award of the Bruce Medal of the Astro- 
nomical Society of the Pacific. 

The regulations, which the founder (who has done so much for 
astronomy) has, with wise foresight, established for the bestowal of this 
medal, make the award a high honor for the recipient. 

I feel very much gratified that my efforts to serve the Science have 
been found worthy of this recognition, and it is a special gratification for 
me to now share this honor with your eminent Professor Newcomb. 

I request you to transmit to the Directors of your Society my sincere 
and grateful thanks for the distinction thus conferred upon me. 

Yours most respectfully, 

Signed: A. Auwers. 



Astronomical Society of the Pacific. 93 

Minutes of the Meeting of the Board of Directors, 

held in the rooms of the society, 

March 25, 1899, at 7:30 p.m. 

President Aitkkn presided. A quorum was present. The minutes 
of the last meeting were read and approved. The following members 
were duly elected : — 

List of Members Elected March 25, 1899. 
Astronomical and Physical Observatory, Taschkent, Turkestan, Russia. 

^»- J- B-^«" 1 \"o'„it'is£r '"^°" ^- 

Mr. W. Edwards 1519 Eddy St., S. F., Cal. 

Mr. C. F. Harms 140 Broad St., New York, N. Y. 

Library of the Minneapolis Athenaeum . Minneapolis, Minn. 

Prof. W...BTTC. P.HRSON .... { ^'^i^dX? oLTo"' '''°"''''' 

Mr. Alfred de Vervins { ^'LouiJ^Mo*'' ^°"'''^^'''^' ^*- 

The Library Committee presented its report, as follows, and the 
report was, on motion, adopted and filed:— 

Report of thb Committee on the Library, Submitted March 25, 1899. 

To the Board of Directors of the Astronomical Society of the Pacific: 

Gentlemen — We, the undcrsij^ed, Committee on the Society's Library, respectfully 
report as follows: — 

During the past year 132 volumes, not includini^ unbound books and pamphlets, have 
been added to the shelves of the library by gift, purchase, and binding. The total number 
of volumes in the library, as shown by the accessions book, is at present 1042. 

A complete card-index has been constructed for bound volumes, and the Committee 
would recommend that as soon as practicable this index be extended so as to include the 
unbound volumes and pamphlets. 

The following is an account of the expenditures of the Alexander Montgomery 
Library Fund for the year ending March 25, 1899:— 

1898. May 31. Hicks-Judd Co., for binding 24 vols — $15 45 

Aug. 16. Popular Astronomy 250 

Oct. 14. Astronomical Journal^ Vols. V and VI 9 00 

Dec. 31. Stamps, telephoning, car-fare, for Librarian 5 00 

1899, Mar. 14. Books and pamphlets from the library of E. S. 

HoLDEN, @ one-half bookseller's prices 70 10 

Mar. 14. Young's General Astronomy, new edition 2 25 

$104 30 
Respectfully submitted, = 

F. H. Shares, Librarian^ 
Geo. C. Edwards, 
Rose O'Halloran. 

Adjourned. 
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Minutes of the Annual Meeting of the Astronomical 

Society of the Pacific, held in the Rooms of the 

Society, March 25, 1899, at 8 p.m. 

The meeting was called to order by President Aitken. A quorum 
was present. The minutes of the last meeting were approved. The 
Secretary read the names of new members duly elected at the Directors' 
meeting. 

The following papers were presented:— 

X. Address of the retiring President of the Society in Conferring the Bruce Medal 
upon Geh. Rath Dr. Arthur Auwbrs, by R. G. Aitken. 

2. Reports of Committees: on Nominations; on the Comet*Medal; on Auditing; and 

Annual Report of the Treasurer. 

3. Photographs of the Great Nebula in Orion which are Comparable with Drawings* 

by James E. Keeler. 

4. Observations- of .Vira (o Celt) in 189S-99, by Rose O'Hai.loran. 

5. Elliptic Elements of Comet I, 1898 (Perrine), by H. D. Curtis. 

6. Earthquakes in California in 1898, by C. D. Perrine. 

7. Planetary Phenomena for May and June, 1899, by M. McNeill. 

The Committee on Nominations reported a list of names proposed 
foreleclion as Directors, as follows: Messrs. Chas. Burckhaltkr, W. W. 
Campbell, C. B. Hill, J. E. Keeler, E. J. Molera, Geo. C. Pardee, 
C. D. Perrine, Wm. M. Pierson, O. von Geldern, Y, R. Ziel, and 
Miss R. O'Halloran. 

For Committee on Publication: Messrs. R. G. Aitken, S. D. Town- 
ley, O. VON Geldern. 

Messrs. Burckhalter and Palmer were appointed as tellers. The 
polls were open from 8:15 to 9 p.m., and the persons above named were 
duly elected to serve for the ensuing year. 

Report of the Committee on the Comet-Medal, Submitted 

March 25, 1899. 

This report relates to the calendar year 1898. The comets of 1898 
have been: 

Comet a (periodic comet) 1892 IV (Winnecke), re-discovered by Mr. C. 
D. Perrine, Assistant Astronomer at the Lick Observatory, on the 
morning of January 2d. 

Comet b (unexpected comet), discovered by Mr. C. D. Perrine, Assist- 
ant Astronomer at the Lick Observatory, on the morning of March 
2oth. 

Comet c (unexpected comet), discovered (photographically) by Mr. E. 
F. Coddington, Fellow at the Lick Observatory, on June nth. 
Independently discovered by Herr W. Paulv, of Bukarest, on 
June 14th. 

Comet d (periodic comet) 1895 I (Encke), re-discovered by Mr. John 
Grigg, of Thames, New Zealand, on June 7th, and independently 
by Mr. John Tebbutt, of Windsor. New South Wales, on June 12th. 
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Cometh (unexpected comet), discovered by Mr. C. D. Perrinb, Assistant 
Astronomer at the Lick Observatory, on the morning of June 15th. 

Comet / (periodic comet) 1891 II (Wolf), re-discovered by Professor 
W. J. HussKV, Astronomer of the Lick Observatory, on June i6th. 

Comet g (unexpected comet), discovered by M. E. Giacobini of the 
Nice Observatory, on June i8th. 

Comet h (unexpected comet), discovered by Mr. C. D. Pbrrine, 
Assistant Astronomer at the Lick Observatory, on the morning of 
September 13th. Independently discovered by M. P. Chofardet, 
of Besan^on, on the morning of September 15th. 

Comet I (unexpected comet), discovered by Dr. Wm. R. Brooks, of 
Smith Observatory, Geneva, N. Y., on October 20th. 

Comet j (unexpected comet), discovered (photographically) by Dr. 
Frederick L. Chase, of the Winchester Observatory, Yale Univer- 
sity, on November i4tb. 

In accordance with the regulations, the Comet-Medal has beea 
awarded to the first discoverers of Comets ^, r, ^, g^ h, i, and j. 

Respectfully submitted, 

James E. Keeler {eX'Officio\ 
Wm. M. Pierson, 
Chas. Burckhalter, 
The Committee on the Comet-Medaf, 
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The Treasurer submitted his Annual Report as follows : — 

Annual Statement of the Receipts and Expenditures of the 

Astronomical Society of the Pacific for the 

Fiscal Year ending March 25, 1899. 

general fund. 

Receipts, 

Cash Balance, March a6, 1898 I3S8 78 

Received from dues I1350 71 

*• ** sale of publications 66 70 

" •* •• staUonery 

advertisements 

Comet Medal Fund (engraving 14 medals, No. 22-35).. 

Security Savings Bank (interest) 

Life Membership Fund (interest) 



It 
«« 



«t 11 





^ 


72 00 


X4 


00 


X 


15 


84 


43 



5148964 

Less transfer to Life Membership Fund 50 00 1439 64 



$1828 42 



Expenditures, 

For publications : printing I732 10 

" •• : illustrations (cuts) 9868 



Stationery and printing 

Postages 

Rent 

Salary Secretary-Treasurer 

Expressages 

Janitor and elevator 

Gas 

Taxes 

Fire insurance premiums 

Telegrams 

Collecting dues 

Lantern at two lectures 

Engrossing diplomas 

Engraving nine comet medals (Nos. 27 to 35) 

Four replicas Bruce Medal and charges 

Ink, boxes* dry plates, and notary fee 



Feb. 27, 1899. Advanced to Bruce Medal Fund (second award) . . 
Cash Balance, March 25, 1899 

LIFE MEMBERSHIP FUND. 

Cash Balance, March 26, 1898 

Received from (^neral Fund 

•' *' Interest for 1898 



Less cash advanced to Bruce Medal Fund (see Resolution Vol. 

XL.pagesS) 

" interest transferred to General Fund 

Cash Balance, March 25, 1899 



$830 78 




116 05 




zio 21 




180 00 




x8o 00 




9 39 




19 00 




2 80 




2 71 




36 25 




4 15 




II 40 




20 00 




6 50 




9 00 




ID 81 




485 






S1543 90 




Ia84 5» 




59 97 




$224 55 




$3200 61 




50 00 




8443 




$333304 


I19666 




8443 






aSi 09 




UQS3 9S 
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BRUCE MEDAL FUND. 

Receipts. 

Sept. ao, 1697. Cash received from Miss C. W. Bruce S2750 00 

Interest for 1897 1830 

Cash Balance. March 26, 1898 $3768 30 

Interest for 1898 87 44 

Jaly 8. 1898. Cash advanced by General Fund $196 66 

Dec. 16, •• '• returned to " *' .... 19666 

*• ** •* ** advanced by Life Membership Fund 196 66 

Feb. 37, 1899. '* advanced by General Fund for Second Award 59 97 



Expenditures, 

Designing and engraving two steel dies (obverse and reverse); engraving 
two sted bubs (in relief); and the steel ferrule of coining, by Alphkb 
Dub >is, Paris Frs. 3000^5.173 i- S386 62 

Price of gold metal Ipj^^Awardl Frs. 447 38 - $86 48 

StriUng Gold Medal I '^ "^ '^'^^^^ 1 5005- 968 

96 16 

The medal is of 32<carat (916/000 fine) gold ; the alloy (84/000) is 
copper ; its dimensions are : 

diameter : 60 millimeters (the same as the seal of tlic Society); 

thickness at the rim : 3 millimeters ; 

weight : 141.8 grammes (4.56 oz. troy). 

Engraving recipient's name on Gold Medal Frs 5 00 

Nine bronze replicas ® a. 15 19 35 

Four extra bronze replicas (required as a deposit 

by the French Mint). 

Pour extra bronze ] 

replicas f (Presented to A. Dubois) . 

Six bronze cuts. ... J 

Two bronxe cuts 

Silvering two cuts 

One sqoare morocco case 

Nine round morocco cases ^ i 75 

Revenue stamps 

Packing and freight to New York 

Frs. 99 00^5 173 = 

Duty on niae replicas and charges at New Yoilc 

Marine insurance from Paris to San Francisco 

Express from New York 

Feb. 37, 1899. Remittance to A. Dubois, for oac Gold Medal 

(Second Award) 



8 60 


31 50 


4 30 


3 00 


6 00 


15 75 


50 


16 00 



19 14 


685 


60 


I 25 


I510 63 


101 75 



l3»" 37 



612 37 
Cash Balance, March 35, 1899 l«5oo 00 

PONOHOjB COMET-MEDAL FUND. 

G«sh Balaacc. March 36, 1898 I631 36 

Interest for 1898 3436 

I655 72 
Less transfer to (general Fund (engraving 14 medals. No. 33-35). u 00 

Cash B9]«Dce, Mgrcb 35, 1899 I^i 7' 



9^ Publications of the 

ALEXANDER MONTGOMERY LIBRARY FUND. 

Cash Balance, March 26, 1898 I'S^ 09 

Interest for 1898 • 6011 

1162a ao 
Less expended for books, binding, etc X04 90 

Cash Balance, March 25, 1899 I1517 90 



FUNDS. 
Balances on Deposit as follows : 



General Fund : 

with Donohoe Kelly Banking Co 
*' Security Savings Bank 



Life Membership Fund : 

with San Francisco Savings Union 

" German Savings and Loan Society. 
" Hibernia Savings and Loan Society 



Donohoe Comet-Medal Fund : 

with San Francisco Savings Union 

" German Savings and Loan Society . . 
*' Hibernia Savings and Loan Society. . 



Alexander Montgomery Library Fund : 

with San Francisco Savings Union 

" German Savings and Loan Society. . 
" Hibernia Savings and Loan Society 

Bruce Medal Fund : 

with San Francisco Savings Union. 

" Security Savings Bank 

" German Savings and Loan Society. . 



fai5 07 




948 


l«4 55 


I85395 


■ 


600 00 




600 00 


|MS3 95 




$213 62 




206 13 




219 97 


I64I 72 




^48382 




400 00 




63408 


1x517 90 


I125O 00 




625 00 




625 00 


$?S00 00 




I6938 12 



San Francisco, March 25, 1899. F. R. ZIEL, Treasurer, 

The Committee appointed to audit the Treasurer's accounts reported 
as follows, and the report was, on motion, accepted and adopted: — * 

To the President and Members of the Astronomical Society of the Pacific: 

Gkntlrmbn — Your committee appointed to audit the accounts of the Treasurer for 

the fiscal year ending March 25, 1899, have made a careful examination, and find same to 

be correct. Yours respectfully, 

O. VON Gbldbrn» 

March 25, 1899. F. H. McConnbll. 

President Aitken then read the annual address. 

Mr. Babcock presented to the Society, in the name of Dr. E. S. 
HoLDEN, a large photograph of the Moon, made by Professor Draper in 
September, 1863. The grateful thanks of the Society were returned to 
Dr. HoLDEN for this most valuable gift. 

The following resolution was, on motion, adopted: — 

Resolved^ That all the acts appearing in the minutes of the meetings of the Board of 
Directors of this Society, as having been done by said Board during the past fiscal year, 
are here now, by this Society, approved and confirmed. 

Adjourned. 
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Minutes of the Meeting of the Board of Directors, 

held in the rooms of the society, 

March 25, 1899, at 9:30 p.m. 

The new Board of Directors was called to order by Mr. Burckhal- 
TER. A quorum was present. The minutes of the last meeting were 
approved. 

The business in hand beins: the election of officers and committees 
for the ensuing year, the following officers and committees, having received 
a majority of the votes cast, were duly elected: — 

President: Mr. George C. Pardee. 
First Vice-President: Mr. James E. Keeler. 
Second Vice-President: Mr. Charles Burckhalter. 
Third Vice-President: Miss R. O'Halloran. 
Secretaries: Messrs. C. D. Perrine, and F. R. Ziel. 
Treasurer: Mr. F. R. Ziel. 

Cotnmittee on the Comet- Medal : Messrs. Keeler (ex-officio), Pier- 
son, and Burckhalter. 

Library Committee: Messrs. Townley, Edwards, and Miss O'Hal- 
loran. Mr. Townlev was appointed Librarian. 

Finance Committee: Messrs. Pierson, von Geldern, and Hill. 

The Committee on Publication is composed of: Messrs. Aitken, 
Townlev, and von Geldern. 

Adjourned. 
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OFP1CBR3 OP THE SOaSTY. 

Mt. GiaiGB C. Paides . . PmUnt 

Mr. J*M£s E, KiiLin Fir.1 fitr-Fr.riilnl 

Mr, Chahlbs BuBCKHALiM Sictnd Via-Pmulnt 

Wi« R. O-Halloban . Third ViaPntidtnl 

Mi. C. D. Pbhihi ( t. . ^ 

Mr. F. R. Zm j ..... . .... Stmtmrin 

Mr. P. R. ZiiL . , TttmtKTtr 

Boatd ^/ Dirrcii^- Mtar,. BuncKMALiBi.. Camfbili,, Hiu., Km.li, Molma, Hib 

OHallohah, M«in. pAiuEm PisniNt, PimsoH. voh Gildkbh, Ziil. 
PiMaiii Cim-iiit€—Mt>in. PuB-oN. vom GaiDitH, Hill. 
CBmmillri an /><.«/»«/>»<— Miurs. AiTKRN. Tf.WNi.KV, von Cbldkih. 
^ijrar^ C,>«i>rif(«-M«in. TowKLBV, Gio. C. EnvAitiia. Miu O'Hallooah. 
CcmmilU. f. Iht Cimtl-yMal-Vitan, KiBLlll («-«^fw), Pibi«ok, BuKKHALTMir. 

OFFICERS OP THE CHICAGO SECTION. 
Rrtcular Ctmmitlii—Mr. Ruthvih W. Piki. 

OFFICERS OF TKE MEXICAN SECTION. 

NOTICE. 
The BttentJan of new mcmben iscallK] lu Anirle VIII of (he B]~Lawi. which previdn 
Ihiil Ihe annual subKriHion. paid on eltiiKin, cuveis ihe raltndar yaronly. Subsequci-t 

neces-iarv in ordet lo make our book l.eepinB as sin^ple a> po5sible. Dues aenlby mail 

Ihwild be diiecled lo Atlioiioniical Society ol Ihe Pacini:,e>9 Market Slreet, Sair Francisco. 

It is inlendtd Ihat each number al Ihe Sockl v shall rwciiea copy of each one of the 

>'eats. inhere have been (unfonunately) any (.missions in this mailer, it ii requesl^lhil 
Ihe Secrelariei be at once nolificd, in order Ihal ihe missinjt numbers may be supplinl. 
Members are requested to J>rcs«\'e the copies of Ibe I'ubhialians of Ihe Society at sail lo 
Ihem. Once each ycara lille.pagc and comerili o( the precedine numbers will alsobe seiil 
lo ihe members, wlio can Iben bind the numbers loRelhec into a volume. Cumplelc 
volumes for past years will also be aunplied, lo members only, so far as (he stock in hand 
is sufficient, on Ihe pa] men! of two dollars pet volume lo either of Ihe Secretaries. Any 
non-resident member within the United State* can obtain traoks from the Society's llbtmrv 
by sending bis library card with ten cents in stamps to I he Secretary A. S. P., 819 Market 
Street. San Fnncisro, wbo will rvtuni the boofcand the card. 

The Commitlce mi PubUnlion dcaiies to say that the order in which papers arc 
printed in the pKMitattoitt I* ileclded simply by cunvenience. In a «ncral way, thwe 
p ipers areprintcd fint which arc earliest acceptid for publiL-atlon. Tl is not possible to 
send proolihecu ol papers lo be piinied to authors whose residence is not within the 
United Sialea. The nsponsilMlity lor Ihe vieus expressed in the papOB printed rcM* with 
the writer*, and is iiM assumed 1^ the Society jtsetl. 

The titles of paper* for rcadinfc ahonld be communicated to ritber of ttie Secretariei ai 
eaily a* possible, as well as any changes in addresses. The Secretary in San Fnnciico w>i< 
lend to any member of Ihe Sociciy soitable staiicinery, stamped with the sea] of tl 

Society, at coal price, as folio "■'—'■ -■■ ' ' ■ 

apaekajteof envelopes, 15 cc ... .^ 

bymoney-otderorinU. S-poilsBeslamps. Tbesendinj[aBrcatttieriskorthem< 

Those members who propose to attend the meetings at Mount Hamilton during the 
•mnmer ihould communicate with "The SccrHsry Astronomical Society of the Pacific" 
at the rooms of the Society, 819 Market Stiett, San Francisco, In order that amnKCments 



icty suitable staiicinery, stamped with the sea] of the 
1 block of letter paper, 40 cents; of note paper, 15 cents: 
These prices include postage, and should be remitted 
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Astronomical Society of the Pacific. 

Vol. XI. San Francisco, California, June 1,1899. No. 68. 

CLOCK- RATES AND BAROMETRIC PRESSURE AS 

ILLUSTRATED BY THE MEAN-TIME CLOCK 

AND THREE CHRONOMETERS AT 

MARE ISLAND OBSERVATORY; 

WITH A BRIEF ACCOUNT OF THE OBSERVATORY. 



By Ensign Everett Hayden, U. S. N. 

The principal work of the observatory at the Mare Island 
Navy Yard, California, is the care and rating of chronometers 
for naval vessels and the sending out of the daily noon-signal, 
which the wires of the Western Union Telegraph Company flash 
to every part of the Pacific Coast. The time service of the 
Naval Observatory at Washington extends as far as Ogden, Utah. 
West of that point, standard time is supplied by this observa- 
tory. These two functions fit in very well together; it is of vital 
importance to have absolutely correct time, by which to rate 
chronometers for navigation, both at the observatory (where forty 
are now on hand and rated daily) and at every seaport along the 
coast, and the time transmitted for this special purpose is easily 
made available to the general public also. A shipmaster at San 
Diego or Seattle, or any other port, can take his chronometer to 
the telegraph office any week-day in the year, and for the five 
minutes ending at mean noon of the 120th meridian compare it 
directly with the clock at Mare Island Observatory, the pulsa- 
tions of whose pendulum are transmitted instantaneously and 
audibly through the thousand miles or so of intervening space 
by the magic of electricity. 

The accuracy of the mean -time clock at the Mare Island 
Observatory — not merely to a second or two, but to a hun- 
dredth of a second a day, because even a small daily error 



I02 Publications of the 

becomes large if it accumulates for a few days — is thus a matter 
of far-reaching importance. 

Some further remarks relative to the observatory, its equip- 
ment, work, and history, are appended at the end of this paper, 
but the primary object is to explain the method that I have 
adopted in order to find the exact rate of the mean-time clock 
by means of the observed (corrected) reading of the barometer, 
irrespective of everything else except a very slight temperature 
correction, and subject only to disturbances from earthquakes, 
unfortunately somewhat frequent here, and against which even 
the best pendulum clock is almost powerless. This clock, how- 
ever, seems to be less subject to their influence than the sidereal 
clock, possibly because it faces southwest, while the other faces 
south, the shocks coming mostly from northwest. 

In the great earthquake here on the niglit of March 30, 1898, 
for example, which shook down houses, and, of course, stopped 
all the pendulum clocks, the sidereal clock stopped at 11** 42" 17* 
P.M., 1 20th meridian time, while the mean-time clock ran thirteen 
seconds longer. 

The clock (No. 624, by E. Howard & Co., Boston) has 
a second's pendulum, with heavy cylindrical bob, mercury tem- 
perature compensation, gravity escapement, double case, and is 
bolted to a substantial masonry pier. Its error and rate are 
found ordinarily by means of stellar observations with a meridian 
transit instrument, in connection with the sidereal clock and an 
electric chronograph.* It has been running here for fifteen years, 
and was last cleaned and oiled about ^v^ years ago. 

The special advantage of the barometric rate, the method 
of obtaining which, and its results, are now to be described, 
consists in the facility with which it can be obtained, for both 
short and long intervals, its reliability, its availability, even in 
cloudy weather, when star-sights cannot be had, and finally its 
value for use in connection with old records of chronometer rates 
where daily comparisons with the same clock were recorded. 

The plates present graphically the data contained in the 
accompanying tabular statement, and with a brief explanation 
will make clear the method followed. It may be said, to begin 
with, that it is customary in rating chronometers to adopt a ten- 
day period, from noon to noon, as the interval for which to note 

* During the 200 days under consideration there were talcen 100 sets of sights, aggre- 
gating 1,000 stars 
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mean rates and temperatures, at the same time keeping a daily 
comparison-sheet, both as a check and to note maximum varia- 
tions from the mean rate. My attempt to find a satisfactory 
barometric rate was based at the start upon this period, and the 
work developed to such an extent on these lines before final 
results were reached as to deter me from going back and 
adopting for this special investigation a period beginning about 
9 P.M., when star-sights are exactly available. The mean rates 
used are therefore subject to some error in working up evening 
sights to noon of the following day, and are only given to the 
nearest hundredth of a second, while the corrections are carried 
out to the third decimal place. It is trusted that general averages 
have eliminated such errors; otherwise, they must still be present 
in the final results. The rate-curves are assumed to be straight 
lines within the limits of the diagrams. 

The temperature is the mean of observations at noon daily of 
a Six's maximum and minimum thermometer kept in the chro- 
nometer-case in the middle of the room. This is found by trial 
to differ very little from the mean of hourly readings of a standard 
thermometer in the inner clock-case, read through glazed win- 
dows in the double doors. The barometer record is the two- 
hourly mean from copies of barograph sheets kindly supplied 
by the office of the United States Weather Bureau in San Fran- 
cisco, corrected and reduced by the addition of .16 inch, and 
confirmed by curves drawn from my own observations of a 
standard mercurial barometer at the observatory. 

The relative humidity is obtained from daily noon readings of 
an ordinary wet and dry bulb thermometer in the clock-room. 
This record is not regarded as of any special value, and need not 
be considered further than to say that it is shown graphically on 
the plate in connection with the curve showing final errors of the 
barometric rate, with which curve it is so inconsistent as not to 
justify further correction. The best inference that can be drawn 
from it seems to be that an increase of one per cent, above normal 
(84 per cent.) makes the clock run about .oi" per day more slowly. 

The tabular statement gives all the observed data ; the data 
by which the successive approximate curves are drawn; the final 
errors of the barometric rate-curve at normal temperature (60° 
Fahr.) for each of the twenty periods; and finally, the accumu- 
lated error up to the end of each successive period, amounting in 
all to two hundred days: — 



Data and Results of the Barometric Rate ' 
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Mean-Time Clock at Mare Island Observatory. 
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• Several light earthquake shocks occurred during the last period, and occasionally 
^ throughout the entire interval. 
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The first approximate temperature rate-curve is derived directly , 
fi-om the diagram where clock -rate and barometer for each period 
are plotted on ordinates of the temperature-scale; from these : 
data the positions of points at high, medium, and low tempeia- 
tures, at normal pressure of 30.00 inches, are estimated, and the 
temperature rate- curve drawn by means of these three points. 
Using this curve to reduce the observed rates to 60^ Fahr., the 
first barometer rate-curve is drawn. From this the barometric J 
rate is measured for the observed mean pressure of each period, \ 
and by comparison with the observed rates (as already corrected j 
for temperature), the column and corresponding curve of errora J 
are made out. The inclination of this last curve, as plotted on the a- 
temperature-sheet, furnishes an evident correction to the firBt i 
temperature rate- curve. This correction, properly applied, gives 1 
the second temperature rate- curve. This process is then repeated '\ 
once more, giving the third (and last) temperature and barometer 
rate- curves. The errors of the last-named curve for each period are " 
given in the next to last column of the table, and shown graphi- , ' 
cally on the temperature-sheet, where, as stated above, the rela- 
tive humidity curve also is shown. The last column gives the 
total accumulated error up to the end of each successive period^ 
and is not shown graphically. 

The last two columns may be assumed to represent the results 
that would have followed the use» without any star-sights at all, 
of the thermometric and barometric rate-curves ever since last 
October, under the actual conditions that prevailed, including a 
number of light and two or three rather sharp shocks of earth- 
quake. In the last period, ending May loth, I myself noticed . 
and timed four shocks, of which one was sharp enough to be i 
startling. It will be noticed that the two maximum errors for sin- 
gle periods are .46" (in the last period) and .43' (in the fifteenth). 
This is certainly not bad; an error of less than half a second in 
ten days, without using any star-sights, especially where we have 
an occasional earthquake to explain even this ! But it will be 
seen, further, that twelve of the twenty periods have an error of 
only .21" or less, and of these twelve there are seven with prac* 
tically no error at all. Those specially interested can compare 
the periods where the error is larger or smaller, respectively, 
with the graphic record of mean daily barometer. It will be 
found that the larger discrepancies in rate correspond, generally, 
with erratic behavior of the barometer. 
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jcamining now the last column, or the accumulated error 
id of each successive period, the maximum, .63*, at end of 
sixth period, is large in comparison with the rest, as the plus 
minus errors cancel each other in a way that made me both 
rised and pleased, leaving the total accumulated error one 
1 of a second, or less, in ten of the twenty periods. In a 
I, had these rate-curves been used, without a single star- 
t, since last October, the noon-signal would never have been 
; than six tenths of a second wrong, seldom more than one 
1, and at the end of April correct within a few hundredths 
second. 

laving now examined the possibilities of error of the barom- 
rate used alone, without the star-rate, let us next examine 
possibilities of error of the star-rate without the barometer- 
Take, for example, four days of abnormally high pressure, 
I noon, December 23d, to noon, December 26th, and of 
>rmally low pressure, January 9th to 12th. The mean 
)erature in the former period was 46^.9, and in the laiter, 
7, giving a correction of — .01 to apply to the barometer- 
at 60°, in each case. Using the star-rate as actually 
rved at the beginning of each period, we have: — 



. . . . Dec. 23 



meter ... 30 
rate .... 

rate 

r of 1 Daily . — - 
■ate J Tolal . — 



24 



25 



26 



32 3031 30.59 30.45 

53 -53 .53 .53 

50 .35 .29 .40 

03 —.18 —.24 —.13 

03 —.21 —.45 —.58 



Jan. 9 10 II 12 

30.21 29.95 29.57 29.84 

.63 .63 .63 .63 

.58 .77 1.06 .85 

—.05 +.14 +.43 +.22 

—.05 +.09 +.52 +.74 



1 other words, the star-rate, used alone, is liable to a greater 
" in four days than the barometer- rate, used alone, is in two 
Ired days. In the examples given here, I have assumed the 
meter- rate to be the correct rate, which it practically is, so 
Ls these examples are concerned. The chances of four days 
oudy weather and no star-sights, more especially when the 
meter is low, are of course very great. 

have applied the same method of investigation to the 
*eal clock, and with very nearly as good results, and use 

clocks in verifying the time before sending out the noon- 
al. The two almost invariably agree within a few hun- 
Iths of a second, when their different rates are worked up 
>rding to this method. I always use the barometer-rate also 
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in working up an evening star-sight to noon of the following day, 
and have used it to obtain chronometer rates from old records, 
where the rate only was wanted, the total error on Greenwich 
mean time not being required. 

One cannot but form the impression, in studying these results, 
that a first- rate pendulum clock, well worn down to its bearings 
by long years of steady running, carefully mounted and pro- 
tected from dust and from sudden change of temperature, and free 
from earth tremors of any kind, must keep even better time than 
we give it credit for, if only we make proper allowances for its 
regular and entirely reasonable variations under different condi- 
tions of temperature and pressure. An attempt was made in the 
present case to account for a part, at least, of the final errors by 
the effect of the other mean-time clock in the same room, but as 
the latter is always corrected daily at noon, the task proved 
impracticable. Similarly, an attempt to associate them with lunar 
or tidal influence failed, although it may be worth mentioning 
that the error-curve of the barometer-rate of the sidereal clock 
shows a very marked resemblance to a curve of the mean stage 
of the tide for each period at the entrance to San Francisco Bay. 
Finally, to try to allow for the lagging of the pendulum, baro- 
metric means were calculated for periods beginning a day earlier, 
but their use gave less favorable results. 

Nevertheless, such attempts might succeed, under more 
favorable circumstances, and the final errors be reduced almost 
to the vanishing-point. If so, it could justly be claimed that the 
accuracy of motion of such a clock is actually comparable to that 
of the earth upon its axis, and that as a perfectly running 
machine it is, perhaps, the very best production of human 
brains and hands. 

Chronometer Rates and Barometric Pressure. 

After obtaining such satisfactory results with the barometric rate 
of the mean-time clock, I began an exhaustive investigation of the 
effect of changes of atmospheric pressure upon the rates of chro- 
nometers. In this work the data for the usual ten-day periods, 
already available, were supplemented by data obtained by means 
of the established thermometric and barometric rates of the clock 
and the recorded daily comparisons of the chronometers. Select- 
ing five-day periods of high and low barometer, I was thus enabled 
to obtain the rates of the chronometers for those periods with 
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great confidence, irrespective of star-sights. The results of the 
combined ten-day and five-day data, when consistent, can hardly 
fail to command confidence, and even when inconsistent they give 
useful, though negative, information. 

Although this work is not yet completed, it seems evident 
that the best chronometers show a remarkably regular change 
of rate for differences of pressure, running about . lo" faster for 
a decrease of .10 inch of mean barometer. This amount is 
large enough to demand consideration in calculating mean data 
and resulting rate-curves, and it seems to be clearly established 
that the rate-curves of such chronometers should be drawn for a 
mean pressure of 30 00 inches, with similar curves to the right and 
left for each tenth lower and higher pressure, respectively, for, 
say, five tenths of an inch, for the practical use of navigators. 

Unfortunately, there are no means available here for obtain- 
ing, artificially, mean high temperatures by which to observe 
rates, and thus fix more accurately the upper branch of the 
parabola, now determined from observations of one branch only, 
the vertices of the curves, as chronometers are usually com- 
pensated, lying about the maximum mean summer temperature. 
Thus slight errors, or variations of rate, may introduce decided 
errors in the curves as plotted from equations deduced from the 
observed data. Another necessity is a self-recording thermome- 
ter and barometer, for better temperature and pressure data, and 
*i seismograph, in order to avoid errors due to earth-tremors not 
otherwise noticed. 

It is not claimed that all chronometers show equally good 
results as regards effect of changes of pressure, but only the best 
of them. In fact, I find that when a chronometer shows decided 
evidences of polarity, the relation between rate and pressure seems 
sometimes to be actually reversed. 

The plate entitled '* Chronometer Rate-Curves" gives the 
lower branches of the temperature-rate parabolas calculated for 
the three standard Negus chronometers issued to the U. S. S. 
Nero^ Captain Charles Belknap, U. S. N., commanding, now 
engaged in surveying for a cable route to Manila. Her navigator, 
Lieut. John Hood, has agreed to take special care with the 
thermometer and barometer record (not always very reliable, 
even aboard a man-of war), and his report will be of great inter- 
est, as indicating the value of the method in actual practice. The 
absence of data at high temperatures, however, and errors that are 
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liable therefrom, must still be remembered and allowed for. The 
first of the three curves is plotted from data observed with XII 
South, the other two from data for nearly equal intervab of time 
with XII North and XII South, care being taken to give equal 
weight, in obtaining mean data for the curves, to observations on 
the two headings. The data used to obtain mean values for a 
single point of the three from which the equation of a curve is 
deduced are inclosed by a dotted line. Such mean values are 
corrected to a normal pressure of 30.00 inches before being 
used in the equations, and the difference between the curves 
thus worked out and those that would result from the same data 
uncorrected for pressure is evident at a glance. For a long* 
voyage, like that of the Nero^ where accuracy of navigation b 
more than usually desirable, the value of this method can hardly 
be denied. 

The data for the regular ten-day periods, as regards tempera- 
ture, barometer, and humidity, are the same as for the mean-time 
clock. Additional data are as follows: — 

Chronometer- Rates for lO'day Periods, October- December : 

Period No i 2 3 4 5 6 7 

j^^^gg i 1639 Negus, ... —-75 —.83 —.97 — r.io —1.69 —2.13 
{ 1209 +1.08 +.96 +.95 +.73 +.64 +.33 +.«> 

Chronometer- Rates for 10 day Periods, January- April : 

Period No. 8 9 10 11 12 13 14 15 16 17 

1141 ... —1.06 —.81—1.32 —.92 —.58 —.75 —.95 —.60— .41 
1639 —2.21 —1.90 —1.37 —1.56 —1.37 —-91 —-93 —1. 14 —1.07 —.815 
1209 —.21 +.13 +.52 —.07 +.34 + 70 +.57 +-30 +.49+.«^ 



2< 

r 



For Period No. i^jY^, ^ days ending noon, April 15th: temp. 
65.20, bar. 30.02; rates, 1141 Negus, — .34; 1639 Negus, 
— .80; 1209 Negus, -f- 1.04. 

Special 5 -day Periods of High and Low Barometer (Data 
obtained from rate-curves of mean-time clock and daily compari- 
sons of chronometers. Positions not plotted on the diagrams): 

5 days end'g noon Jan. 8 Jan. 14 Jan. 34 Feb. 3 Feb. 10 Feb. 25 Mar. ao Apr. 6 

Bar 30.35 29.90 30.35 29.95 30.39 3003 29.94 30-12 

Temp 48.10 48.80 54.85 56.50 48.40 62.55 54.25 62.45 

.[1141 Negus —1.22 —.60 —1.78 —.43 — .93 —.50 

1^ 1639 —2.37 —2.07 —1.70 —.98 —1.98 —.81 —1. 19 —.88 

^[1209 -.27 -.01 +.18 +.58 --46 +.83 +.35 +.64 



N 



\- 
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All the data have now been given, and it remains only to 

lain briefly how the barometer correction has been obtained. 

Faking the first chronometer (1141 Negus) as an example, we 
e: 



?riod No. 14 : 


Bar, 


30.19 


Temp., 


59.25 


Rate, — .75 


10: 




30.23 




57.68 


— .81 


Mean: 




30.21 




58.47 


-.78 


*riod No. 16: 




29.98 




58.43 


— .60 


Difference: 




.23 




.04 


.18 



The temperature difference being here so small, we can assume 
: the entire difference of rate is due to difference of pressure, 
ch means that a difference of . 10 inch barometer causes .08* 
srence of rate. When the difference of temperature is ap- 
ciable, it is easily allowed for by estimating the direction of 
tangent to the curve and applying a suitable correction. 
Using now the data of the 5-day periods, we have: 

od ending noon, Feb. 25: Bar., 30.03 Temp., 62.55 Rate, — .43 

April 6: 30.12 62.45 — 50 

Difference .09 .10 .07 

An approximate tangent to the curve gives, for temperature 
5° a rate of .20', and for 0°. 10 a correction of .004. Apply- 
this correction, there remains a difference of rate of .066, 
sed by the difference of pressure of .09 inch. This gives, 
.10 barometer, a difference of rate of .073*, a close approxima- 
1 to the former result of .08*. 
Again, using other 5-day periods, — 

iod ending noon, March 20: Bar. 29.94 

iod ending noon, Feb. 3: 29.95 

Mean: 29.94 

iod ending noon, Jan. 24: 3035 

Difference: .41 

proximate tangent gives: 5°=. 30*; correction foro°.53= .032V 
rrecting for temperature, as before, we get: .lobar. r=.io5«. 
e mean of .073 and .105 is .089, showing that the rate of .o& 
t obtained was reliable. This correction is now used to reduce 
means of points grouped together on the diagram, in order to 
:ain data for a normal pressure of 30.00 inches, and the three 
rected means on each curve used to work out its equation. 
This same process was followed in the two other cases illus- 
ted, although, there being data for XII North and XII South, 
equal number of points on each heading were grouped together 
m which to obtain data for the equation of the curve. 



Temp. 54.25 


Rale — .95 


56.50 


— .6a 


55.38 


— .77 


54.85 


—1.22 


.53 


.45 
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The results are in many cases so consistent as to convince any 
one that in those cases, at least, this method of correcting tem- 
perature rate-curves to a normal pressure of 30.00 inches, and of 
using the barometric rate in actual practice, is well worth a trial. 
Generally speaking, abnormally high temperatures accompany 
abnormally low pressures, and vice-versa^ so that the use of data 
for temperature and rate, uncorrected for pressure, has an 
evident tendency to distort the resulting curve. The value and 
limitations of the temperature rate-curve are recognized, and this 
barometric correction should be recognized likewise. 

The Mare Island Observatory, California. 

GEOGRAPHIC POSITION: 

Lat., 38° 05' 55". 8 N. 
Long., 122° 16' i9".3 W. 

Location^ on the crest of a hilly about sixty feet above mean low water ^ and 

near the northern extremity of the island. 

The observatory consists of two brick buildings, one of them 
two stories high, with a 5-inch Alvan Clark & Sons' equato- 
rial (No. 861), mounted on a substantial masonry pier built up 
through the center of the building; the other brick building is 
the clock, chronometer, and chronograph-room, and the two are 
joined by a light wooden structure forming the transit-room. 
The transit-room contains three piers, two of them central, with 
sliding shutters overhead. Of these, only one set is now in use.* 
Leading out of the transit-room is a small hall-room, used as a 
battery-room. The transit instrument is of 2. 5-inch aperture, No. 
1508, Stackpole Bros., New York. 

The three clocks are very similar to each other, and all are by 
E. Howard & Co., Boston. The mean-time and sidereal clocks 
are mounted on separate masonry piers, and have double cases. 
The transmitter-clock is hung to the south wall, and has but a 
single case. All three have mercury-compensated pendulums 
and gravity escapements. The first is No. 624, the second 627, 
and the third 622. 

The observatory was established in 1884, through the efforts, 
principally, of Lieutenant (now Lieutenant-Commander) U. R. 
Harris, U. S. N., under the direction of Commodore John H. 

*One of the spare piera is now occupied by a Ewing seismograph, kindly loaned by 
the Director of the Lick Observatory. 
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Russell, Commandant of the Navy Yard, and Commodore 
(now Rear Admiral) John G. Walker, Chief of Bureau of 
Navigation, for the purpose of supplying standard time to this 
coast, as the Naval Observatory, at Washington, does to the 
East and South coasts, and for the care and rating of chronom- 
eters (of which, as already stated, there are forty now on hand, 
running and compared daily). The principal object in view was 
then, and is now, the storage and supplying to naval vessels of 
accurately rated chronometers and the furnishing to shipmasters 
in any of our ports facilities for comparing and rating their own 
chronometers, either by means of time-balls, dropped electrically 
at noon, or by visits to the local telegraph offices, where the 
signals are received. Incidentally, the time service is, of course, 
of great general benefit and utility, but it should be remembered 
that the great modern improvement in accuracy of clocks, 
watches, and time generally is primarily due to and a result of 
the needs of navigators. The details regarding methods of rating 
chronometers are of great interest, but cannot be considered here. 
It may be of interest to mention, however, that chronometers cost 
from $200 to $500 apiece; that some still in use are as much 
as fifty years old; that several of these were captured during our 
Civil War, and that one of the best, if not the very best, firm of 
chronometer-makers in the world is located in New York. 

Another service that has been performed at the observatory 
from time to time is compass and magnetic work, and the care 
and issue of sextants, portable transits, and meteorological in- 
struments. The magnetic and compass work, however, is now 
carried on entirely by the compass office in Washington. 

Other naval officers who have been in charge of or assistants 
at the observatory for a year or more at a time, to whom also 
credit is due, are Lieutenant-Commanders J. B. Milton and 
W. E. Sewell, and Lieutenants C. F. Pond and D. P. Mene- 
FEE. To Mr. Pond, especially, who succeeded Mr. Harris, is 
due the completion of the transit-room in its present form. 
As a rule, there has been no assistant, and there is none 
now, all the work being performed by the officer in charge. 
Considering this fact, and the importance of the interests confided 
to its charge, its record is certainly creditable, but there is never- 
theless urgent need for more of an element of permanency and 
continuity in its management, work, records, and library. An 
entire change every two or three years, while essential and desira- 
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ble in ordinary naval routine work, is not very well adapted to 
work of this character. 

Muth credit for the practical efficiency of the time service is 
due to the Hydrographic Office and its branch offices for co-opera- 
tion in connection with time-balls and other methods of dis- 
tributing the time amongst navigators, and to the Western 
Union Telegraph Company, which also itself utilizes the time by 
correcting electrically many hundreds of clocks daily, and which 
has been of great assistance in connection with telegraphic longi- 
tude determinations and occasional time-signals to surveying 
vessels far south along the coast of Lower California. 

If the investigation explained in the accompanying paper adds 
to the efficiency of this service, and to that of other services en- 
gaged in similar work, the writer will feel well repaid for the 
study and effort devoted to it at intervals between pressing offi- 
cial duties during the past six months. 



THE RISE AND PROGRESS OF ASTRONOMY 

IN CENTRAL EUROPE. 



By Sidney D. Townley. 



During a stay abroad in 1895 and 1896, the writer obtained 
photographs of many of the observatories of Germany. It was 
thought that a reproduction of some of these views, together 
with descriptions of the buildings and instruments and short 
historical accounts of these observatories, would be of interest to 
the students of astronomy. In preparing the material for publica- 
tion the scope of the work, as often happens, has been enlarged 
gradually, until it has reached that indicated in the above title. 
The title should perhaps have been somewhat restricted — for it 
is my intention to treat mainly of the practical or observational 
side of astronomy, and to touch upon considerations of a theoreti- 
cal nature only in so far as is necessary to bring out the develop- 
ment of the practical branch of the science. 

Six names, Copernicus, Tycho Brahe, Kepler, Galileo, 
Gauss, and Bessel, stand out pre-eminently prominent. These 
are almost household words to the student of astronomy. Their 
lives and works are familiar to nearly every one. Some of them 
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v^e been written and rewritten in the greatest of detail. It is 
not my purpose to go into the details, but a proper development 
of the subject in hand demands at least an outline of the works 
of" these men. 

The fall of Constantinople (1453) marks the beginning of 
<dem astronomy. The sages who had gathered in the Grecian 
jDire were scattered over Western Europe. To be sure, the 
F^tolemaic system was introduced into Spain some centuries before 
tHis. The Alphonsine tables were computed in the thirteenth 
oentury; but this was only a faint and solitary star in the firma- 
ment of the dark ages, and it was entirely lost in the dawn that 
slowly spread over Central and Western Europe in the fifteenth 
century. The Ptolemaic system of the universe had been accepted 
and taught for centuries, and it was not until the epoch-making 
w-orlc of Copernicus was put forth that the foundations of this 
rni^lity edifice of epicycles began to totter. 

-Although the work of Copernicus was the first great one in 
tHe progress of which we are dealing, still a beginning had 
already been made when Copernicus appeared, and it is 
Perhaps well to note first these early attempts. One event leads 
t^o ia.nother, and it is seldom that even the work of a great genius 
ststncis alone. Previous events have created an atmosphere of 
^rir^st, indicated the necessity of change, perhaps even pointed 
^^t: the way or laid a foundation for his work. The great man 
s^^rns to come when the conditions are ripe for his coming. 

The first astronomer of note of whom history tells us was 
^^orge Purbach, an Austrian (1423-1461). In a work, 
■^^^^GficcB NovcB Pianetarum, he attempted to revive the old 
'^^tJiod of material spheres. Learned men were then beginning 
^^ pay some attention to physical subjects, and Purbach doubtless 
"^d difficulty in perceiving why, without any known cause, 
^^lestial bodies should describe in space circumferences of imagi- 
"^^^Ty circles whose centers moved upon the circumferences of 
oilier circles equally imaginary. Vastly more important, how- 
ever, was Purbach*s other contribution to astronomy — the 
^troduction into Europe of the methods of trigonometry, invented 
^veral centuries before by the Arabians. Ptolemy's methods 
^ere all geometric; and when we stop to think of how dependent 
L Poetical astronomy is upon the methods of trigonometry we can 

I ^ scarcely overestimate the importance of Purbach' s eflfort in 
I this direction. This was the beginning of those transformations 
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which finally led in the practical astronomy to the simple, ele- 
gant, and exact formulae of the great Bessel. 

Among the pupils of Purbach the most noted was Johann 
Mueller (1436-1476), bom in Konigsberg, and generally 
known by the name of Regiomontanus. He soon became a 
co-worker with Purbach, and the two not only studied dili- 
gently the works of Ptolemy, which had been the extent of 
astronomical study for centuries, but began taking observations 
in Vienna with some crude instruments, perhaps not even so 
accurate as those possessed by Hipparchus. Crude as these 
instruments were, they were yet sufficient to show that the posi- 
tions of the planets given by the Alphonsine tables differed widely 
from the true positions. After Purbach' s death Regiomonta- 
nus traveled in Italy, and while in Venice wrote a treatise on 
trigonometry and constructed a table of tangents. He did much 
to develop and extend the application of this useful branch of 
mathematics. In 147 1, he returned to Germany, and settled in 
Nuremburg, at that time the chief center of German industry 
and literary life. Here, through the co-operation of a wealthy 
citizen, Bernard Walther (1430-1504), the first European 
observatory was built, and observations begun about 1472. A 
comet was observed by them in that year. They originated 
several new methods of observing, and greatly improved the 
method of recording the time of an observation. The method 
of the ancients was very rough — simply morning, evening, or 
midnight. The Greeks used a clepsydra or a sun-dial, but it 
was not until the time of Regiomontanus that a more accurate 
method was introduced. His method was to determine the time 
of observation by an altitude of the Sun or a star simultaneously 
taken, a method susceptible of great precision. Walther was 
the first to make use of clocks to measure short intervals of time. 
The clock consisted of wheel works to which motion was given 
by a weight, but it was not until the time of Galileo that a 
pendulum was added to control the running of the clook. Wal- 
ther was also the first to employ a more accurate method of 
observing the positions of the planets. In ancient times the 
longitude and latitude of a planet were observed with an astro- 
labe, the longitude being obtained when the Sun and Moon were 
visible at the same time. First, the difference in longitude 
between the Sun and Moon was measured, then the difference in 
longitude between the Moon and planet. The longitude of the 
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Sun was taken from the tables, then, by means of these two 
differences, the longitude of the planet was obtained. The lati- 
tude was measured directly with the astrolabe. Now, Walther, 
instead, measured the angular distance of the planet from two or 
more known stars, and then, by the methods of spherical trigo- 
nometry computed the latitude and longitude of the planet, a 
method in some respects similar to that now used to determine 
the position of a planet or comet with an equatorial telescope. 

That, however, which added most to the fame of Regiomon- 
TANUS was the publication of his celebrated ephemerides, the 
first of those important adjuncts of practical astronomy. The 
ephemerides were soon made known to navigators, and it was 
by the aid of these that Columbus first crossed the Atlantic 
Ocean. Regiomontanus met an early death, but during the 
twenty-eight years that Walther survived him many observa- 
tions were made at Nuremburg. These were published in 1544. 

But one other name of note remains to be mentioned before 
coming to Copernicus. Peter Apianus, who taught in the 
university at Ingolstadt, published in 1540 a large work, Astro- 
notnium Casareum^ an attempt to further prolong the life of the 
Ptolemaic system. The book was highly received at the time. 
But Apianus is perhaps more deserving of a place in history 
fi'om the fact that he was the first to discover that the tail of a 
comet is always turned away from the Sun. 

Thus, though the Ptolemaic system was still tenaciously clung 
to, yet considerable had been accomplished before Copernicus 
appeared on the scene. Trigonometry was introduced and devel- 
oped, tables of sines and tangents constructed, ephemerides pub- 
lished, observations made, clocks used, and, above all, a spirit of 
investigation had arisen. The Ptolemaic system had become 
exceedingly cumbersome, and observations showed, after a lapse 
of fourteen hundred years, though epicycle upon epicycle had 
been added, that it represented the true motions of the planets 
very imperfectly. The time was ripe for a Copernicus. He 
came. 

Born at Thorn, a town of the Hansa League, then under the 
sovereignty of Poland, Nicolaus Copernicus (1473-1543) 
studied at Krakau and Bologna, taught and took orders in 
Rome, later returned to his native country, settled in Frauen- 
burg, Prussia, and there spent most of his life. At Krakau he 
became a doctor of medicine, and did not study mathematics 



ii8 Publications of the 

and astronomy seriously until he went to Bologna. At Rome, 
Copernicus was installed as professor of mathematics. Here 
he began to make astronomical observations. The fame of these 
and the clearness of his lectures soon gained for him a place 
among the most learned of astronomers. His observations were 
continued later at Frauenburg. These observations consisted in 
obtaining the longitudes and latitudes of the planets, the obliquity 
of the ecliptic, and the period of the Sun's return to the equi- 
noxes. Copernicus, however, never entered seriously into the 
business of observing, and the results in this line were insignifi- 
cant compared with those of Tycho, brought forth a few years 
later. 

At Frauenburg Copernicus led an uneventful life as a canon 
of the Church. Of his daily labors we know but little; still much 
of his time must have been given to matters astronomical, eke 
he could never have given to the world that great work, De 
Revolutionibus Orbium Ccelestiuniy published in 1 543, only a short 
time before his death. Of this work it is perhaps necessary to 
say but little. Its great principles are familiar to all students of 
astronomy. It is perhaps well to point out, however, that the 
system promulgated by Copernicus was in some ways essen- 
tially different from that which now bears his name. Coperni- 
cus brought forth only a portion of the truth. He substituted 
diurnal motion of the Earth for the diurnal motion of the heavens, 
and a heliocentric motion of the planets and the Earth for a 
geocentric motion of the planets and the Sun. These were 
two great principles, and in that much the present system is 
rightly called Copemican. This, however, was only a beginning, 
and it was not until Tycho, Kepler, Galileo, and Newton 
had lived and worked that the true nature of planetary move- 
ments became known. Copernicus still held to the idea of cir- 
cular motion; so, in order to explain the irregular apparent 
motions of the planets and the variation in the apparent diameter 
of the Sun and Moon, he was obliged to retain some of the 
epicycles of the Ptolemaic system. 

Even though Copernicus discovered only a portion of the 
truth, still his researches marked a great advance, and when we 
think of the condition of learning, and especially of science at the 
time he lived, we cannot have other than profound admiration for 
the man possessed of an intellect to work out these theories, and 
the boldness to present them to the world. The world had only 
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begun to awaken from the long sleep. Aristotelian philosophy 
was still firmly intrenched in all citadels of learning, the Ptolemaic 
system of the universe had reigned undisputed for fourteen 
hundred years, the Scriptures were everywhere interpreted 
literally; the Sun, Moon, and stars were made for the glory of the 
Earth, and to dispute this and consider the Earth as but one of 
many, as Copernicus did, was little short of heresy. Perhaps 
it is fortunate that Copernicus did not long survive the publica- 
tion of his work. Copernicus had taught his system quietly 
for many years, but it was not until long after his death, that it 
came under the censure of the Church. Perhaps the facts that 
Copernicus himself was a churchman, that the cost of his book 
was defrayed by a cardinal of the Church, and that the book itself 
was dedicated to the Pope, acted to disarm suspicion. Coper- 
nicus was certainly shrewd, perhaps unwittingly so. 

Many years elapsed before the theory of Copernicus was 
generally accepted and the Ptolemaic system finally abandoned. 
This is not to be wondered at, when we consider that there was 
then no proof that the Earth moved. That came much later, 
when the flattening of the Earth was found, aberration discovered, 
and the memorable experiments of Galileo and Foucault 
performed. In fact, about the only thing that recommended the 
Copernican theory was its simplicity. The Ptolemaic theory had 
much in its favor. It had been accepted as true for hundreds of 
years; our sense of sight tells us that the heavens move above us 
and not the Earth beneath us; it agreed with the teachings of the 
Church. And when we consider the great weight then given to 
things ancient and the great power of the Church, the wonder 
perhaps is that the Copernican theory found as many followers 
as it did. 

The theory of the Earth's motion was not original with Coper- 
nicus, for it was advanced many hundred years before by a 
Greek philosopher. Why was the theory accepted in the six- 
teenth century and rejected in ancient Greece ? No doubt, one 
great factor was the earnestness and power with which Coper- 
nicus taught this theory to his pupils. Yet, on the other hand, 
there were conditions which favored Copernicus; the newly 
invented art of printing preserved and propagated his ideas; he 
lived at a time when the spirit of change, revival, and reformation 
was abroad; he lived at a time when the Ptolemaic system had been 
tried sufliciently long to be found cumbersome and unsatisfactory. 
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Although the work of Copernicus led to great results, yet 
his methods were not scientific. Astronomy, indeed, had hardly 
yet become a science. It might, perhaps, have been righdy 
called mathematical speculation. The deductive method of 
mathematics was used. Axioms were assumed, and the conse- 
quences deduced by processes of reasoning. It had not yet been 
perceived that the true method of scientific research is an induc- 
tive one. Observations must first be made and facts ascertained. 
The theory must be in accord with the facts. If this is not the 
case, then the theory is certainly false. If the theory does 
satisfy the facts, then it may be true. We shall see in the next 
paper how the great Danish astronomer was the first to perceive 
and carry out true and accurate methods of scientific research. 

In criticising and pointing out defects in the work of Coper- 
nicus, I do not wish the reader to think that I underestimate his 
work. The defects belonged more to the age than to the man. 
His work was profound, it was epoch-making; still he was not 
by any means a genius; things did not come to him by inspira- 
tion. He was a quiet, deep, incessant thinker, earnest in his 
belief and fearless in its expression. History has always given, 
and I think always will give, Copernicus a place among the 
great men of the world. 

(To be continued.) 



A CLUSTER OF METEORS. 



Bv Sidney D. Townley. 



On Friday evening, 1899, April 7th, at about 8:45 o'clock 
P. S. T., a very peculiar appearance of meteors was observed at 
the Students' Observatory of the University of California. While 
I was looking at the constellation of Orion, a whole ** flock*' of 
very faint meteors appeared at the same instant, some six degrees 
to the southeast of a Orionis^ about in the head of the Unicorn, 
They were moving northwest, slowly, about parallel to the hori- 
zon, and remained visible not more than a second. The '* flock" 
was about one and a half degrees wide, and the path two or three 
degrees in length. None of the meteors were brighter than a 
fifth-magnitude star. It was impossible to make an accurate 
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estimate of the number; there might not have been more than 
ten, yet, on the other hand, there might have been a hundred. 

The phenomenon was witnessed by several other persons. It 
was public night at the observatory, and after looking at the 
nebula of Orion with the equatorial, we had stepped outside 
the observatory in order that I might point out to the visitors 
the location of the nebula. I had just pointed to the constella- 
tion, when all exclaimed at once upon the appearance of the 
meteors. Several other meteors moving in the same general 
direction were noticed during the evening, but no attempt was 
made to locate them accurately. From my recollection of their 
general direction, I should say that the radiant was somewhere 
in the neighborhood of the constellation Aries, 

Berkeley, Cal., April 9, 1899. 



PLANETARY PHENOMENA FOR JULY AND 

AUGUST, 1899. 



Bv Malcolm McNeill. 



July. 

Merairy is an evening star throughout the month, and until 
the last week it sets more than an hour after sunset, so that it 
can probably be seen on almost any clear evening in the western 
twilight. It reaches its greatest eastern elongation on July 22d, 
and after that date it rapidly approaches the Sun. 

Venus is still a morning star, but the interval between its 
rising and sunrise is growing smaller, and at the end of the 
month is only a little more than an hour. There will, however, 
be no difficulty in seeing it in the morning twilight, as the planet 
is much brighter than Mercury, It moves 41° eastward from 
Taurus to the extreme eastern part of Gemiiii. 

Mars is still above the horizon in the early evening, but has 
ceased to be^a conspicuous object. It moves 17° eastward and 8° 
southward from Leo into Virgo^ and on the evening of July 29th 
passes very close to the third- magnitude star )3 Virginis^ the 
distance being a little greater than the limit of naked-eye separa- 
bility. At the close of the month the planet's distance from the 
Earth is more than double the Earth's distance from the Sun. 
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Jupiter is still in fair position for evening observation in the 
southwesterly sky. It is on the borders of Virgo and Libra^ 
and moves about r J4° eastward during the month. It is in quad- 
ration with the Sun on July 24th. 

Saturn has reached good position for evening observation, 
being well above the horizon at sunset. It is in the southern 
part of OphiuchuSy between Scorpio and Sagittarius^ and moves 
westward about 2^ during the month. The rings are at nearly 
their maximum opening. 

Uranus is also well placed for evening observation, being 
above the horizon until after midnight. It is in the constellation 
Scorpio^ and moves about 1° westward. At the close of the 
month it is 2° east and 1° 20' south of the third-magnitude star 
fi Scorpii. 

Neptune is a morning star near the Sun. 

August. 

Mercury is an evening star at the beginning of the month, 
rapidly approaches the Sun, passes inferior conjunction on the 
morning of August 19th, and becomes a morning star. For the 
last few days of the month it rises more than an hour before 
sunrise, and may be seen in the early morning twilight. It is in 
conjunction with Venus on August 21st, but both planets are too 
near the Sun for naked-eye visibility. 

Venus is still a morning star, but is drawing very close to the 
Sun, and at the end of the month rises less than half an hour 
before sunrise. It can scarcely be seen during the latter half of 
the month. 

Mam is also nearing the Sun, and at the close of the month 
it sets about an hour and a half after sunset. This short interval, 
combined with the planet's great diminution of brightness, will 
make it very difficult to see after the middle.of the month. It is in 
VirgOy and moves 17° eastward and 8° southward, and at the 
end of the month is 5° west and 4° north of Spica, 

Jupiter sets about two hours earlier than during the corres- 
ponding date in July, and at the end of the month is below the 
horizon at 9 P. M. It is in Libra, and moves 4° eastward and i° 
southward toward the brightest star of the constellation. 

Saturn remains in good position for observation in the south- 
ern and southwestern sky in the evening. It is on the border 
of Ophiuchus and Scorpio^ and moves very little during the month. 
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Uranus is also nearly stationary, and keeps its position rela- 
tive to )8 Scarpa, It sets about an hour earlier than Saturn. 

Neptiine is in Taurus^ and at the end of the month rises just 
before midnight. 

Phases of the Moon, P. S. T. 



New Moon, 
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Eclipses of Jupiter's Satellites, P. S. T. 

(Off rif>^ht-haiid limb as seen in an inverting telescope.) 
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NOTICES FROM THE LICK OBSERVATORY." 

Prepared bv Members op the Staff. 

Rediscovery OF Tem pel's Second Periodicai, Comet, c 1899. 
This comet was rediscovered by the writer, on May 6th, with 
the 36-inch refractor. Its position at the time of rediscovery 
was, — 

May, 6'' 21' 47" 4', G. M.T.; R. A. 18' 52" 57". 78 
Decl. — 4^ 32' 19",! 
This position is very closeto that predicted for it by Schulhof, 
in No. 3554 of the AstroHoniiscke Naehrichkn. Following are 
the very small residuals from the ephemeris: — 

Obs. — Comp. : R. A. —5" .61; Decl. — 12". 9 
It is very small and faint, not being: over 10" in diameter and 
i5/^-i6 magnitude. It is brigliter at the center, wiih some indi- 

This comet was first discovered at Milan, by Wilhelm 
Tempel, on July 3, 1873, and w;is soon found to bclonj>: to the 
family of comets having short periods — its period being 5.2 
years. It was reobserved in 1878, escaped detection at the next 
two returns to perihelion, but was again discovered in 1894. 

It seems to be growing fainter at each return, if the law of 
brightness, as expressed by the formula — -j holds even approx- 
imately, for at its last observation, in 1878, by Tempel, its 
theoretical brightness was o. 113. In 1894, Finlay describes it 
at the time of discovery as eleventh magnitude or fainter, its 
theoretical brightness on the above assumption being o. 190. At 
the present apparition its theoretical brightness is 0.475, while 
its observed brightness is only a fraction of the preceding — 
155^— 16 magnitude. 
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It is known that comets do not follow closely this law of bright- 
ness, but the deviations in this case seem larger than usual. 

The comet's perihelion distance being T.35, and the Earth 
being near that longitude at the same time, will cause this 
apparition to be one of the most favorable possible — the Earth 
and comet approaching each other to a distance of only thirty 
million miles. 

The disturbing action o{ Jupiter is well illustrated in this case. 
M. ScHULHOF states that although the comet did not approach 
Jupiter nearer than 1.9 units, the time of perihelion was retarded 
more than fifteen days. C. D. Perrine. 

Mt. Hamilton, 1899, May 9. 

The Orbit of Comet 1896 III. 

Comet 1896 III was discovered by Dr. Lewis Swift, at the 
Lowe Observatory, on April 13, 1896, [see Pubtications A. S, P,^ 
No. 50, page 93]. During its apparition period, which extended 
to June 20, 1896, the comet passed through a heliocentric arc of 
105°, — 4° before perihelion passage, and 101° after, — and was 
observed more than four hundred times at thirty-seven different 
observations. 

Having collected all the observations, I combined them into 
seven .normal places, and from the resulting fourteen equations of 
condition deduced, by the method of least squares, the following 
most probable set of 

HYPERBOLIC ELEMENTS. 

T= 1896, April 17.6473143, G. M. T. ±: o**. 0005 733 
IT 179 59 5 40 _ 3 95 i Mean Equinox and 
0= 178 14 51 .48 ±6. 74 > Equator of 1896.0 
i ^ 55 34 24 .69 ± 8 .88 ) 
^ = 0.5662857 it: 0.00001347 
e ==■ 1.0004757 di 0.00009985 

The details of the computation will be found in Astronomische 
Nachrichten^ 3 5 5^-5 ^• 

The interesting element in this orbit is the eccentricity, which 
shows that the comet's path around the Sun was an hyperbola. 

In the few cases where a definitive investigation of a comet's 
orbit has indicated an hyperbolic curve, doubt has usually been 
thrown upon the result. In the case of the earlier comets, the 
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observations were too few, or not sufficiently accurate, to afford 
a reliable conclusion. In most of the later cases, it has been 
shown that a parabola, or even a very elongated ellipse, would 
represent the observations nearly as well as the hyperbola. But 
there are a few cases of very definite hyperbolic orbits. Thraen^ 
for instance, found for the Comet 1886 II, the value ^ = 1.0002286, 
and showed that the hyperbola gave residuals from the observed 
places only 1/122 part as large as those given by the best parabola. 

Again, Stromgren found the value of the eccentricity for 
Comet 1890 II to be 1.0004 103, ^^^^ ^ probable error of 
± 0.0000130, or less than one thirtieth of the excess of e over 
unity. As both of these orbits were based upon ample observa- 
tional material, it is evident that both comets were moving in 
hyperbolic arcs, — at least, during their apparition periods. 

In the case of Comet 1896 III, I made a careful investiga- 
tion of the effects of assumed variations of the eccentricity. 
Determining the variations of the other elements as functions 
of the variation of the eccentricity, and then assuming for the 
latter element the successive values i. 00000 (giving the most 
probable parabola), 1.00024, 1.0004757 (the definitive value), 
1.00064, and 1.00080, I found for the sum of the squares of the 
residuals in the observation equations the values 1677.7, 965. o> 
732.2, 843.1, and 1171.1, respectively. These residuals clearly 
showed that no improvement in the orbit could be made by 
changing the eccentricity, the best possible parabola making the 
sum of the squares of the residuals more than twice as large as 
the adopted hyperbola. 

I conclude, therefore, that this comet also must be considered 
to have followed an hyperbolic path during its apparition period, 
though the figures are not so decisive as in the cases of the two 
other comets mentioned. R. G. Aitken. 

May 10, 1899. 

Gift to Columbia University Observatory. 

Science announces (April 14, 1899) that Miss Catherine 
Wolfe Bruce has just given $10,000 to Columbia University, 
through Professor J. K. Rees, to be expended for the measure- 
ment and discussion of astronomical photographs. Miss Bruce's 
gifts to the department of astronomy of Columbia now amount 
to $22,100. 
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Three New Double Stars. 

In the course of my double-star observations in the past few 
months I have found the following new pairs : — 

Cambridge (Eng.) A. G. 3993. 
f 24°^ 5* + 28° 6'. 

Mags. 

1898.890 254°. 6 2".o7 8.5 — 12 5 36inch. 
.922 255 .9 2 .21 9.0 — 13.0 ** 

1898.91 255°. 2 2".i4 8.8 — 12.8 

This pair is 29* following and i' south of 65 Geminorum 

<i3ii74). 

DM -f- 31° 1982. 





9"- 


20" 19* 


+ 31° 35'. 

Mags. 




1899.286 


43°. 6 


o''.94 


8.7 - 9-5 


12-inch. 


.303 


47 -7 


.77 


8.7 — lO.O 


( ( 


.380 


43 .6 
45°.o 


.91 
o''.87 


8.8 — II. 


36-inch. 


1899.32 


8.7 — 10.2 





This pair was found while looking for H0.366, which is 25' 
following and 24' north of it. 

LL. 21535. 



12-inch. 





II*^ 


11" 44" 


- 4° 36' 

Mags. 


1899.303 


343°. 5 


o''.67 


8.8 — 9.0 


.358 


338 .8 


.66 


8.5 — 9.0 


.360 


335 .9 
339°. 4 


.68 
o''.67 


8.5 - 9.0 


1899.34 


8.6 — 9.0 



36-inch. 



The 36-inch telescope also shows a fourteenth- magnitude 
companion 37''. 5 distant from the close pair in the position 
angle 7^.5. 

The star places are given for 1900.0. R. G. Aitken. 

May, 1899. 

Measures of Sirius. 

Two measures of the companion to Sirius made this season 
with the 36-inch telescope give the following positions : — 

1899.177 154°. 3 4". 55 weight 4 
.254 1 55°. 6 4". 34 •* 4 
The distance is slowly increasing, though not so rapidly as 
the published orbits indicate, and the star is much easier to 
measure than it was a year ago. R. G. Aitken. 
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Some New Spectroscopic Binary Stars. 

In the progress of the determination of stellar velocities in 
the line of sight with the Mills spectrograph, three additional 
spectroscopic binary stars have been discovered. 

IGeminorum, (a = 6** 58"; 8 = + 20° 43'.) 

About twenty-five spectrum plates of this well-known vari- 
able star have been obtained and reduced. The observed velo- 
cities are included between the limits -|- 24 and — 5 kilometers 
per second ; the positive sign indicating recession from the 
solar system, and the negative sign approach. The period of 
the light variations of ^ Geminorum is 10.154 days. The 
spectroscopic observations show that this is identical with the 
period of revolution of the bright star around its invisible com- 
panion. 

iPegasi. (a =22** 02"; 8 = -f-24° 51'.) 

The partial reductions of four spectrum plates of this star 
yield the following velocities, of approach: — 

1897, October 7, — 51 km. 

1898, August 19.— 45 

29»— 37 
September 28, — 22 

The period of revolution is undetermined. 

B Draconis. (a= i6*' 00™; 8= +58° 50' 

Four plates of this star's spectrum give the following ap- 
proximate velocities: — 

1898, March 23, -["I6 km. 
April 6, — 34 

1899, April 8, -j- 10 
April 10, — 16 

The period of revolution is undetermined. 

W. W. Campbell. 

Astronomical Telegram. 

{ Translation,) 

Lick Observatory, May 7, 1899. 
To Harvard College Observatory: (Sent 5:50 p.m.) 

Comet Tempel was observed on its return by Mr. C. D. Per- 
RINE on May 6.9077, G. M. T., in R. A. iS** 52° 57*.8; Decl. 
-4° 32' 19". 
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New Telescope for the Western Reserve University. 

The Cleveland Plain Dealer^ under date of March i8, 1899, 
announces that Messrs. W. R. Warner and Ambrose Swasey, 
of the firm of Warner & Swasey, well-known as builders of 
telescopes, have presented to the Western Reserve University an 
equatorial telescope and accessories and dome. The dome will 
be constructed on the southeast corner of the physical laboratory 
building, and will be about seventeen or eighteen feet in diameter. 
The telescope is to have a lo-inch object-glass with a focal length 
of about thirteen feet, and is to be completely equipped with all 
necessary apparatus. The work of construction is already going^ 
on, and the necessary changes for the erection of the dome will 
be made at once. 

The Charles Smith Scott Observatory. 

The Park College Record^ for March 26, 1899, contains an 
illustrated account of the Observatory given to Park College 
(Parkville, Mo.), by Mr. Anthony Dey, as a memorial to his 
uncle. Judge Scott, of New Brunswick, N. J. The building is a 
handsome stone structure, and houses an 8-inch equatorial, fully 
supplied with the usual accessories, a combined transit and 
zenith telescope, a fine sidereal clock, and a chronograph. These 
instruments, except the clock, were all built by Messrs. Warner 
& Swasey, and constitute an excellent equipment for student 
instruction in astronomy. Professor A. M. Mattoon, who is a 
member of the Astronomical Society of the Pacific, is director of 
the observatory. 

Observation of the Watson Asteroids at the Lick 

Observatory. 

At the request of the Watson Trustees, the Lick Observatory 
has undertaken to reobserve the asteroids discovered by Profes- 
sor James C. Watson. Observations of (105) Artemis and (139) 
Juerra^ by Mr. Coddington and Mr. Ross, have already been 
printed in the Astronomical Journal. Nine more of these asteroids 
have been found and observed by Mr. Coddington. The two 
6-inch portrait lenses and the 1 2-inch equatorial are the instru- 
ments used for this work. J. E. K. 
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Death of Miss E. Brown. 

** The news of the death of Miss Elizabeth Brown on the 
evening of Sunday, March 5th, came as a very great shock to 
her numerous friends. For several years past Miss Brown has 
been a leading figure in amateur astronomy, and to her special 
def)artment — the drawing and description of solar spots and 
faculae — she devoted a large part of the last years of her life. 
She contributed her first paper to the Liverpool Astronomical 
Society on the * Proper Motion of Sun-spots' on 1883, Decem- 
ber 17, and was asked to become Director of the Solar Section 
of that society very shortly after its inception. After the disso- 
lution of the Liverpool society she was very anxious that an 
astronomical association on similar but wider and firmer lines 
should be formed, and when the British Astronomical Association, 
in 1890, filled this want she became Director of its Solar Section, 
and an ardent worker, not only in her own but in several other 
of the sections, notably those for the observation of the Moon, 
of colored and of variable stars. She was a frequent attendant 
at the meetings of the Royal Astronomical Society. She was a 
Fellow of the Royal Meteorological Society, and one of her 
observatories at Cirencester was devoted to meteorological instru- 
ments, where she continued the observations of her father, the 
late Mr. Thos. C. Brown. 

"Though by no means robust, she went on three long and 
arduous eclipse expeditions — to Russia, to Trinidad, and to 
Lapland. On only one of the three was she favored by a clear 
sky ; but the fruitless expedition to Russia in 1887 and the 
fruitful one to Trinidad in 1889 were commemorated by two 
beautifully and vividly written narratives, — * In Pursuit of a 
Shadow,* and 'Caught in the Tropics.' She was even now 
making preparations to go on a fourth eclipse expedition, to 
Spain or Africa. Those of her friends who are looking forward 
to the same expedition will no doubt feel that it has lost much of 
its pleasure by her absence.*' A. S. D. M. 

The Observatory, April, 1899. 

[To the above note we may add that Miss Brown's interest 
was not limited to the astronomical work in her own country. 
She was a life member of our own society, joining in September, 
1890. We should also add that it is stated in Science that, in 
her will, Miss Brown has left one of her observatories and 
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all its contents (probably the one containing^ the apparatus for 
solar observations) and ;^i,ooo to the British Astronomical " 
Association.] 

Some Recent Astronomical Publications. 

Publications of the Cincinnati Observatory, No. 14. 
Catalogue of 2030 Stars for the Epoch 1895. By Jermain 
G. Porter, A. M., Ph. D., Director. Cincinnati, 1898. 

The catalogue contains the results of five years' work (1893- 

98) with the Cincinnati meridian- circle. The working-list was 

made up primarily of known proper-motion stars, and the proper 

motions derived from a least-squares adjustment of all available 

material are given in the catalogue. 

Die Venus-Durchgange, 1874 und 1882. Bericht iiber die 
Deutschen Beobachtungen, .... herausgegeben von 
A. AuvvERS .... Erster Band. Berlin, 1898. 

With the publication of this volume the work of the German 
Transit of Venus Commission is closed. Volumes II to VI, pre- 
viously published, contain full details of the observations made 
in 1874 and in 1882, and the complete discussion of the results 
obtained. The present volume gives the history of the enter- 
prise and the documentary record of the proceedings of the 
Commission. 

In an appendix it also gives an account of some observations 
of the great comet of 1882, made by two of the parties during 
the ocean voyage to the observing stations, and some plates 
which reproduce the drawings of the comet made by Herr 
Schwab. 

Astronomical Papers, Prepared for the Use of the 
American Ephemeris and Nautical Almanac. Vol. 
VIII, Part II. Catalogue of Fundamental Stars for 1875 
and 1900; Reduced to an Absolute System. Prepared by 
and under the direction of Simon Newcomb. Washington, 
1898. 

In his introduction, Professor Newcomb states that this cata- 
logue was first undertaken in 1895, in consequence of a widely 
expressed desire by official and private astronomers in the United 
States for an improvement in the star-list of the American 
Ephemeris. At the Paris Conference of 1896, Professor New- 
comb was requested to complete the work in a form suitable for 
international use in astronomical ephemerides generally. This 
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required a considerable addition to the number of stars included, 
# and led the author to base the work on more material than it was 
intended to use at the commencement As now completed, the 
volume contains a complete discussion of the material available, 
the methods to be used in reducing and combining the star- 
places to form the adopted system of Right Ascensions and 
Declinations, and finally the catalogue of 1596 fundamental stars 
for 1875 ^^^ 1900, with full data for reducing these positions 
to any other desired epoch. 

Catalogue de 4281 Etoiles entre 74° 40' et 80° 20' de 

DfeCLINAISON BORfeALE 1 855 POUR L'EqUINGXE DE 1 875. 

. . . par Dmitri Doubiago. Leipzig, 1898. 

This volume forms Part I of the catalogue of the Astronomische 
Gesellschaft of stars to the ninth magnitude between -f- 80° and 
— 2° Declination. In addition to the 2322 stars of ninth magni- 
tude, or brighter, it contains nearly as many more of the fainter 
stars. The observation of this zone was undertaken at Kasan 
by Professor M. Kowalski in 1869, ^^^^ was completed by his 
successor. Professor Doubiago. 

Tables of the Heliocentric Motion of Mars. By 
Simon Newcomb. Washington, 1899. 

These tables form Part IV of Volume VI of the Astronomical 
Papers prepared for the use of the American Ephemeris and 
Nautical Almanac, and complete the author's work on the 
* * Motions of the Four Inner Planets. ' * 

An Introduction to Stellar Astronomy. By W. H. S. 
MoNCK, M. A., F. R. A. S. With Illustrations. London: 
Hutchinson & Co. 1899. 

The book contains chapters on the nature and distances of the 
fixed stars, their magnitudes, motions, spectra, etc. , most of which 
have already been printed in Popular Astronomy, but here 
appear as revised and corrected by the author, and with some 
additions. The illustrations are from some of the well-known 
photographs taken by Dr. Isaac Roberts. 

Stars and Telescopes : A Handbook of Popular Astronomy. 
Founded on the ninth edition of Lynn's Celestial Motions. 
By David P. Todd, M. A., Ph. D., Boston: Little, 
Brown & Co. 1899. 

} The general character of this work is indicated by the tide 

and in the preface, which states that * * Stars and Telescopes is 
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intended to meet an American demand for a plain, unrhetorical 
statement of the astronomy of to-day; and it has been based 
upon Mr. Lynn's Celestial Motions because his little book had 
already covered excellently part of the ground, and had passed 
through nine English editions." Professor Todd's additions 
are printed in different type, and ** with a single exception, the 
ample illustrations are wholly new additions." 

Medals Awarded by the National Academy of Sciences. 

At the annual meeting of the National Academy of Sciences, 
held in Washington, on April i8 to 20, 1899, the Watson Gold 
Medal was awarded to Dr. David Gill, Director of the Royal 
Observatory at the Cape of Good Hope; and the Henry Draper 
Gold Medal to Professor James E. Keeler, Director of the 
Lick Observatory. This is the first award of the Henry Draper 
Medal since 1892. 

Rediscovery of Holmes's Comet. 

This interesting comet was rediscovered by the writer on . the 
morning of June nth with the 36-inch refractor. The comet is 
very faint — about i6th magnitude. It is about 30" in diameter, 
and very slightly brighter at the middle. It was found very 
close to the place assigned to it by Zwiers, in No. 3553 of the 
Astronomische Nachrichien^ the residuals being but -j- 28' in a, 
and + 4' 54" in 8 (O - C). C. D. Perrine. 

Library Notice. 

Arrangements are being made to keep the Library of the 
Society open to members and visitors on three afternoons of each 
week between the hours of 2 and 5, until the 15th of August. 
Information as to the exact days, and other details, may be 
obtained at the rooms of the Society, at 819 Market Street, San 
Francisco. The Library Committee. 
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Minutes of the Meeting of the Board of Directors, 
HELD at the Lick Observatory, June 10, 1899. 

Dr. Keblbr presided. A quorum was present. The minutes of 
the last meeting were read and approved. The following members 
were duly elected : — 

List of Members Elected June 10, 1899. 

Major S. COMKOKT P'SJ.SyTdr''''"''"'' 

Mr. M.CH. MU..XNV { %c^„ 1°^:. S^^.^ST^ ^^ 

Dr. W. Seward Webb I^Yoric^N^Y*' ^'*''°"' ^** 

Adjourned. 



Minutes of the Meeting of the Astronomical Society 
OF THE Pacific, held at the Lick Observatory, 

June io, 1899. 

Dr. Keeler presided. The minutes of the last meeting were 
approved. The Secretary read the names of new members duly elected 
at the Directors' meeting. 

The following papers were presentt;d :— 

1. The Rise and ProKtess of Astronomy in Central Europe, by Dr. S. D. Townlby. 

2. Planetary Phenomena for July and Auj^st, 1899, by Prof. M. McNeill. 

3. Clock-Rates and Barometric Pressure, by Ensign Everett Hayden, U. S. Navy. 

4. A Cluster of Meteors, by Dr. S. D. Townley. 

Dr. TowNLEV gave a short description of a cluster of meteors 
which he had observed. 

Dr. Keeler exhibited some recent photographs taken with the 
Crossley Reflector. 

Adjourned. 
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Vol. XI. San Francisco, California, August i, 1899. No. 69. 

THE RISE AND PROGRESS OF ASTRONOMY IN 

CENTRAL EUROPE.— II. 



By Sidney D. Townley. 



The work of Copernicus, after his death, was taken up by 
Erasmus Reinhold (1511 to 1553), professor of mathematics 
at Wittenberg, who checked and corrected all the calculations of 
Copernicus, and computed a new set of tables, known as the Pru- 
tenic tables. These were published in 1551; and as they gave the 
positions of the heavenly bodies more accurately, they soon 
displaced the ancient Alphonsine tables. 

The next great name in the astronomy of Central Europe is 
that of Tycho Brahe. The life of this strange and wonderful 
man has been written many times. His work, however, was 
epoch-making in the history of practical astronomy, and cannot 
be passed over hurriedly. 

Tycho Brahe (1546 to 1600), eldest son of a Danish noble- 
man, was born at Kundstrup, in the southern part of the Scan- 
dinavian peninsula, then a portion of Denmark. He studied law 
at the universities of Copenhagen and Leipsic, but became inter- 
ested in astronomy through observing a predicted eclipse of the 
Sun, August 21, 1560. It was the prediction more than the 
eclipse that interested him. Even at that early age he was struck 
with wonder at the power of a science by which such events could 
be accurately foretold. From that time on much of his attention 
was given to the study of astronomy. 

For several years after leaving Leipsic Tycho lived an unde- 
cided life, his time being divided between Germany and his native 
country, his studies between astronomy and alchemy. His atten- 
tion was finally fixed upon astronomy by the appearance of the 
new star in 1572. His work upon this attracted much notice and 
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brought him fame. In 1576, King Frederick II. gave him an 
estate, a pension, and one hundred thousand dollars to build and 
equip an observatory on the island of Hveen, situated fourteen miles 
to the northeast of Copenhagen. This observatory was equipped 
with by far the finest instruments ever constructed up to that time. 
Here Tycho labored for twenty years, and reared for himself a 
lasting monument in the great number of magnificent and accurate 
observations there made. Tycho was no respecter of persons, 
however, and although the most eminent man of science in Europe, 
yet he made many enemies, and when King Frederick died 
Tycho left Denmark after five years of persecution. With his fam- 
ily and instruments, he went back to Germany, and finally settled 
in Prague, where Emperor Rudolph II. gave him a castle. Here 
little was done, however; for in a few years Tycho died, at the 
age of fifty-four years. 

Thus, in brief, is an oudine of Tycho Brahe's life. Many of 
its details have been preserved; and as he was in many respects 
a peculiar man, — we might almost say eccentric, — some of 
the details are very interesting. It is my purpose, however, to 
deal with his contributions to science rather than with personal 
incidents. 

Tycho' s observations were commenced during his student 
days at Leipsic. His first instrument was a pair of compasses. 
By holding these near the eye and pointing one leg at a star and 
the other at a planet, he was able to obtain the angular distance 
between the two bodies; and by measuring the angular distance of 
the planet from two or more known stars, he could determine the 
position of the planet. Even with such a crude instrument he 
was able to ascertain that the positions of the planets were not well 
represented by either the Alphonsine or the Prutenic tables, 
Tycho' s first recorded observation was made, 1563, August 17. 

The next instrument used by Tycho was a cross-staff. Two 
straight, graduated pieces of wood were placed at right angles to 
each other, the shorter one movable upon the longer. A fixed 
sight was placed at the right angle and a movable sight on the 
shorter arm. The method of using the instrument was as follows: 
The shorter arm was first set at an arbitrary mark on the longer 
arm; then, holding the instrument in the plane passing through 
the two bodies and the observer's eye, the eye being at the end 
of the longer arm, the observer sighted along the longer arm and 
through the fixed sight at one body and from the end of the longer 
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arm tJirough the movable sight, or along the hypotenuse of the 
risht-angled triangle, to the second body. The graduation on the 
aims gives the base and perpendicular of a right-angled triangle; 
and it is, of course, a simple problem to compute the angle at the 
eye or the angle between the two bodies. It is easy enough to 
see that such an instrument is a very crude affair. Still Tycho 
s^>on discovered that the divisions upon his did not give the 
angles correctly. Not being able to obtain the money to pur- 
chase a new one, he set to work to construct a table of correc- 
tions, to be applied to the readings of his instrument to give 
the true angles. This point is worthy of emphasis, as I believe 
*t was the first time such a thing had been done. Ancient 
observers had always considered their instruments perfect, and 
^^.ci taken without question the results given by them. Now, 
One of the most important steps in astronomical observations is 
to determine the instrumental errors, and to make allowance for 
them in deducing the results. 

Xycho did not enter seriously into the business of observing 
t>efore the observatory was built on the island of Hveen. Some 
scattering observations were made at home in Denmark and at 
different places in Germany. At Augsburg he constructed a huge 
q^viadrant, a cut of which is shown in frontispiece.* It was a mas- 
sive affair, made of oak, with an arc of brass. The radius of the 
circle was fourteen cubits, or about nineteen feet. The manner 
^f using it is evident from the cut. It stood in the open air, 
t>ut was unfortunately destroyed by a storm after a short life of 
ftve years. 

Another instrument designed by TvcHO, and used in his 
^rlier observations, was a sextant. This consisted simply of two 
OTITIS of wood about ^v^ and one half feet long, joined together 
^ith a hinge at one end and connected near the other by an arc 
^f 30°. A sight was placed upon each arm. 

After giving his attention for some time to studies of a chem- 
*^1 and medical nature, Tycho' s energies were finally turned for 
Eood to the science of astronomy by the appearance of the new 
^^r in Cassiopeia in 1572. This was the first phenomenon of this 
^^ure recorded since the time of Hipparchus. The star was 
*^^dy of great brilliance before it was noticed by Tycho. The 

At the end of this series of articles a list of reference works will be given. It is only 
j!*^ ^o tay here, however, that two of the cuts here reproduced and much of the material for 
!^ Article were taken from J. L. E. Drbybr's most excellent work, *'T>cho Brahe." 
^ ^^^her two cuts are taken from " Pioneers of Science." by Ouvbr Lodge. 
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observations taken were in some respects different from those now 
made on a new star. Such phenomena were, of course, very 
imperfectly understood. Many supposed the new star to be a 
comet without a tail, and comets were then thought to be effusions 
in the Earth's atmosphere. Of all ihose who concerned themselves 
with this new star, Tycho seems to have been about the only one 
to approach the matter In a scientific way. He saw that a few 
well-directed observations would be worth, more than all the 
theories the human brain could concoct. He not only observed 
the changes in brightness and color of the star, but carefully 




measured, with a sextant, during the several months it remained 
visible, its distance from the principal stars of Cassiopeia. These 
distances did not change, thus showing the body to be neither of 
a planetary nor cometary nature. He also observed its distance 
from Schedir at upper and lower culmination, to detect if possible 
any parallax. Of course, none was found, thus showing that the 
body was not in the sphere of the Moon. It also twinkled like 
other stars, and Tvcho's conclusion was that it belonged to the 
eighth sphere, or the sphere of the fixed stars. Tycho drew up 
a manuscript of his observations and conclusions, and after much 
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K hesitancy {it was then considered beneath the dignity of a noble- 
man to publish books) and considerable urging by his friends, he 
consented to allow the manuscript to be published. The title is 
along and imposing one. and only a few copies of the book now 
exist It was afterwards republished in his work, Aslronomice 
hilaura/a Progymnasmata. 

After giving his observations and conclusions, Tycho goes on 
to treat of the astrological aspects of the new star phenomenon. 
Although an interesting subject, and although intimately connected 
with the astronomy of that date, still I shall not enter into that 
pHase of the subject now. 

The foundation-stone of Uraniaborg was laid, with appropriate 
ceremonies, on the 8th of August, 1576. The building was of 
the Gothic- Renaissance style, and something of the general 
plan may be seen from the cut here reproduced. Later (1584) 
a second observatory, Stjernborg. was erected a short distance 
from Uraniaborg. In this the observing- rooms were underground, 
to protect the instruments from 
the wind. 

In all there were twenty- 
^'ght instruments in the two 
observatories. The instruments 
most used were quadrants, sex- 
'^nts,andarniillaespheres. The 
fif^t two types have already 
been described. Quadrants 
Were used by the ancients, al- 
though Tycho attached hor- 
'^^nial circles to some of his 
^'lii which to measure azi- 
"''Jths. Tycho supposed him- 
*^"' to be the inventor of the 
^^Xtant; but the instrument is 
f*'*i to have been used many 
"*^<dred years before by the 
•"^bs. Tycho had several shitaht. 

*-liese instruments; some of 
^»*i were quite large, one having a radius of five and one halt 
^^*^. Of course, they were mounted upon stands. 

Trhe annilUe were of two types, the ancient zodiacal armiUae, 
measuring latitudes and longitudes, and the equatorial armillx. 
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Instruments of the former type were but little used by Tycho, 
but those of the latter type were among his principal instruments. 
One consisted of three circles of steel, meridian and equator 
firmly fixed together, and a movable declination-circle. Movable 
sights were placed on the equatorial and declination circles, while 
an object-sight was fixed on the polar axis at the center of the 
sphere. It is easy to see how the declination and hour-angle 
of a body could be measured with this instrument. Another, 
considered bv Tycho as one of his most accurate instruments, 
consisted of a declination-circle nine and one half feet in diameter 
and a semicircle representing the position of the equator below 
the horizon. It was provided with appropriate sights, and the 
polar axis could be adjusted in inclination and azimuth, by means 
of screws. 

Besides these chief instruments, there were many minor ones, 
such as globes, cross-staffs, and one of historic interest, a trique- 
trum, made and used by Copernicus. With three exceptions, 
all the instruments were made under Tycho' s direction in the 
workshop on the island. The most skilled workmen were em- 
ployed and the greatest of care was used in the construction of the 
instruments. 

It was, however, not alone the excellence of the instruments 
that enabled Tycho and his assistants to make observations so 
vastly superior to any previously made. Two devices on the 
instruments added greatly to the accuracy attainable. The de- 
vices aided in sighting upon the object and in reading the circle. 

Before Tycho* s time it was cus- 
tomary to attach a pinule, with 
a small hole in it, to each end of 
the alidade and to sight through 
these holes. If the hole were 
small faint objects could not be 
seen, while if the hole were large 
the errors of setting were large. 
Tycho substituted for holes a 
system of adjustable slits, by 
which very accurate pointings could be made. The other device 
was the method of transversals, which aided in reading the cir- 
cles. Although not original with Tycho, still he was the first to 
make extensive use of this method. The arc was divided upon 
both the outer and inner circumferences. The transverse line from 
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^ the end of an outer division to the end of the next following inner 
division was divided into, say, ten equal parts, and so on. We at 
once see that if the circle were divided to ten minutes, it could 
thus be read direcdy to minutes. These two devices enabled 
Tycho to make observations several times more accurate than any 
previously made. Several clocks were also among the instruments 
at Uraniaborg, but as they were not very good ones, they were 
used but little. 

The work of the great astronomer at Hveen soon became 
known, and many students came from all parts of Europe to act 
as assistants in the observatory. Many observations were made 
by them. The observations, of course, were all of one kind — 
observations of position. The Sun, Moon, planets, and comets 
'w^ere systematically observed, and a catalogue of nearly a thou- 
sand stars was made. 

The observations of the Sun consisted chiefly in taking his 
meridian altitude with several different instruments. The equi- 
noxes of 1584-88 were observed and the time of arrival of the 
Sun at points 45° from the equinoxes. From these data Tycho 
deduced anew the longitude of the apogee, its annual motion, the 
eccentricity of the solar orbit, and the greatest equation of the 
oenter. Solar tables were also constructed, which were found to 
t>e much more accurate than either the Alphonsine or Prutenic 
tables. The length of the tropical year was deduced by com- 
paring Tycho' s observations with those of Walther, made at 
X^uremburg, and a value about one second too small obtained. 

During early years Tycho paid but little attention to the 
Woon. Later, however, systematic observations were made of 
this body, and several inequalities in longitude and latitude dis- 
c:overed; a more accurate determination of the inclination of the 
lunar orbit was also made, and the non- uniform retrogression of 
the nodes was found. Lunar and solar eclipses were regularly 
observed. 

The planets were especially observed by Tycho from his 
youth to the end of his career. A great mass of material was 
accumulated, but Tycho did not live to deduce the results from 
these observations. From the standpoint of the advancement of 
science, it is perhaps not to be regretted that the working up of 
the observations was left to another. Tycho certainly would 
have used his observations to try and prove the truth of his false 
theory of the solar system; while in the hands of Kepler, a 
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believer in the Copemican system, they were made to bring forth 
those three famous laws, and to place before the world the true 
system of the Sun and planets. 

Seven comets appeared during Tycho's career, the most bril- 
liant of them appearing in 1577. TvcHO*s observations of these 
bodies were similar to those made by him upon the new star ir 
1572. These observations showed that comets possess no paralla:( 
measurable with the instruments then in use, thus removing then: 
far beyond the confines of the Earth's atmosphere, where thej 
had been placed by the philosophy of Aristotle. This perhapj 
is not one of the least of Tycho*s contributions to science. 

Tycho*s early observations of comets and the new star o 
1572 showed him the necessity of more accurate positions of the 
fixed stars, and he therefore set about compiling a new catalogue 
of stars as soon as possible after the completion of his observa- 
tory. No catalogue of stars had been published since the time 
of Ptolemy, and his was probably mainly a reproduction of the 
slill older one compiled by Hipparchus. In determining the 
longitude of a star Hipparchus used the Moon as a stepping- 
stone from the Sun to the star; but Tycho adopted the methoc 
of Walther, of using Venus instead of the Moon, on accoun 
of her smaller parallax, slower motion, and smaller diameter. 

In 1582, Venus was so situated that she could be observed ii 
full daylight for several weeks, and her distance from the Sui 
could then be measured at a time when both bodies were suf 
ficiently far from the horizon to make errors of the adoptee 
refractions small. The distance between the Sun and Venu. 
was measured with a sextant, and at the same time their Declina 
tions were taken with armillae. These data give the three side; 
of a spherical triangle, the solution of which gives the angle a 
the pole between the hour-circles of the two bodies or the differ 
ence of their Right Ascensions. The Right Ascension of th< 
Sun being taken from the tables, that of Venus becomes directly 
known. Often altitudes and azimuths of the bodies were takei 
also. After sunset the same program was carried out betweei 
Venus and some bright star near the Zodiac, thus giving th« 
Right Ascension of the star, provided the motion of Venu, 
between the two sets of observations is taken into account. Th< 
Declination was measured directly. In this way the Righ 
Ascensions of several stars around the Zodiac were determined 
Each of these stars was then connected by distance measures witl 
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^ « ArieteSy each thus giving an independent determination of the 
Right Ascension of that body. This program was repeated on 
several different years, both when Venus was east and west of the 
Sun. In all, fifteen determinations of the Right Ascension of 
« Arieies were made, and agreed remarkably well among them- 
selves, a Arieies thus became the fundamental star of the 
system, and the Right Ascensions of other stars were determined 
directly or indirectly from it by distance measures and the solu- 
tion of spherical triangles. In this way a catalogue of nearly 
^ig:ht hundred stars was made. This catalogue was printed in 
his work, Progymnasmatay and reprinted by Kepler in the 
^cibtilcB RudolphincB, in 1627, and by Baily in ** Memoirs Royal 
Astronomical Society,'' (Vol. XIII.) 

Another important contribution to practical astronomy was 
* VCHo's investigations upon the subject of asmospheric refrac- 
tion. The phenomenon of refraction was discovered by Ptolemy 
11^ the second century of the Christian era, but no observer before 
TvcHO ever constructed a table of refractions or corrected obser- 
V'ations for this source of error. Tycho constructed a table of 
*"efractions for different altitudes by taking the difference between 
observed and computed altitudes of the Sun. A similar table 
^'as constructed in the same way for the fixed stars, but there 
^'as considerable of a difference between the two tables, due to 
the fact that in reducing the observations of the Sun an erroneous 
Value of the solar parallax (3') was used. This is the only 
astronomical constant that Tycho took from his predecessors, 
^nd it was perhaps more widely wrong than any other. It seems 
^t'^nge that he should never have suspected that the difference 
^^tween the solar and stellar refractions was due to this cause. 

But little was accomplished by Tycho after leaving Denmark. 

A^ P^ortion of the instruments were set up near Prague, but few 

^^^^rvations were taken with them. After Tycho' s death they 

^**« purchased by the Emperor, stored in a cellar, and all save 

^^ great globe were destroyed in the rebellion of 16 19. The 

^^^t)e, after many wanderings, was finally taken to Copenhagen 

^^i unfortunately destroyed in the great fire of 1728. There 

^^'*^" remains, as far as known, no vestige whatever of Tycho's 



^^brated instruments. The observatory at Hveen was soon 
*^"wed to decay after Tycho's departure, and now nothing 



ains but a mound of earth to mark the spot where this temple 
Science once stood. 
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Many of Tycho*s manuscript observations are now de-^ 
posited in the Royal Library in Copenhagen. His principal 
published books have already been mentioned. Astranomug' 
InstauratcB Mechanica, an illustrated description of the prin- 
cipal instruments of the observatories at Hveen was issued in 
1598. A reprint was issued in 1602. The other work, Asirono^ 
mia InstauratcB Progynifiasmata; or, Introduction to the New 
Astronomy, was only printed in part before Tycho's death. It 
was designed in this to give all of his investigations which led up 
to an exposition of his theory of the solar system and to the con- 
struction of planetary tables. The first volume related to the 
new star of 1572; the second volume to the comet of 1577. 
Other volumes were to treat of precession, refraction, motion of 
Sun, lunar theory, etc. Some of these were later printed by 
Kepler. 

We have thus given in brief an account of the principal 
achievements of Tycho Brahe. I have dwelt upon them 
because they mark the beginning of modern practical astronomy. 
Tycho's methods were thoroughly scientific, the advance over 
the work of all predecessors was great, and it was there on that 
little island in the sea that the firm foundation was laid. 

Tycho must have been a man of great energy. A great mass 
of observations was accumulated by him; but, of course, we must 
not overlook the fact that he had many assistants who took part 
in the observations. It is not, however, so much the quantity as 
the quality of the observations that calls for our admiration. 
Indeed, when we consider the fact that he had neither telescope 
nor vernier, we sometimes marvel at the accuracy attained in the 
observations. 

Eminently successful as a practical astronomer, Tycho did not 
attain eminence in a theoretical line. He could accept neither 
the Copernican nor the Ptolemaic theory of the solar system, but 
constructed a compromise between the two. Perhaps little need 
be said of this theory. It made but few converts and fortunately 
died with its originator. Nevertheless the life work of Tycho is 
certainly not less eminent, but perhaps more eminent, than that 
of Copernicus, for it is certain that Kepler could not have 
worked out the true system of the universe without Tycho's 
observations; whereas, he might have done so had the theory of 
Copernicus never been promulgated. Still the works of each 
were great, and perhaps too unlike to be compared; not more 
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^ unlike, however, than the men themselves. '* Copernicus was 

of humble origin, and certainly not wealthy; TvCHO Brahe was 

of noble birth, and inherited great riches. Copernicus loved 

solitude and rest; Tycho Brahe restlessly moved from place to 

place all over Europe. Copernicus was calm and peaceful in 

disposition; TvcHO Brahe was a man of violent temper. 

Copernicus was always tender to the prejudices of others; 

Tycho Brahe delighted in attacking false beliefs. They 

resembled each other in one point alone — the patient carefulness 

of their researches, and the strenuous earnestness of their lives." 

(To be continued.) 



HOTOGRAPHIC OBSERVATIONS OF COMET a 1899 

(SWIFT). 



By E. F. Coddington and H. K. Palmer. 



At the time of its discovery this comet was too near the Sun 

t<^ be photographed. But after it had passed perihelion it became 

a- snoming object, and its apparent distance from the Sun rapidly 

i«^c:rcased. It was then photographed with two instruments at 

tVic Lick Observatory, on every suitable night from May 6 to 

J Vine 13, 1899, inclusive. In all, thirty negatives were obtained. 

C3£ these, nine were taken by Mr. Coddington with the Crocker 

plmotographic telescope, and twenty-one by Mr. Palmer with a 

&— inch Willard lens strapped to the 5-inch Floyd telescope. The 

telescope is provided with a 6-inch Willard lens having 

equivalent focal length of 30.82 inches. The scale of the 

n^^giatives obtained with this lens is therefore as follows: i degree 

= CX538 inch; or, i inch = 1.86 degrees. The lens used by 

Mr. Palmer has an equivalent focal length of 25.99 inches, 

making the scale of his negatives as follows: i degree = 0.454 

inch; or, i inch = 2. 20 degrees. The reproductions all have 

tHe same scale as the original negatives. 

Unfortunately, owing to the close proximity of the comet to 
the Sun at first, and later to the pressure of other work, it was 
impossible to obtain a series of exposures of uniform length. Two 
exposures were made with each instrument on the first night to 
"^^^*"inine if possible any evidences of rapid changes in the struc- 
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ture of the tail. These showed the comet to be too faint to give 
anything satisfactory with a short exposure; therefore, the entire 
available time on subsequent nights was devoted to a single one. 
Later, when two long exposures could have been obtained, the 
comet had receded from the Sun, and consequently rapid changes 
would not be likely to occur. The exposures varied in length 
from half an hour to three hours and a half, most of them being 
from one to two hours in length. 

The length of the tail was apparently greatest about May loth. 
The photographs show it to have been more than nine degrees. 
Taking into account the distance of the comet from the Earth, 
and the angle between the tail and the line of sight, the tail must 
have been more than 15,000,000 miles long. At that time the 
comet was visible to the naked eye as a hazy star between the 
fourth and fifth magnitudes. According to the ephemeris by 
MoLLER {Astrofiomiscke Nachrichten, No. 3556) the comet did 
not reach its second maximum of brightness until May 2 2d; yet 
by May 15th the tail had shortened to 5° 40' with an exposure 
of 2^ 24°. Owing to the uncertainties produced by different 
conditions of the sky and various lengths of the exposure times, 
the changes in the length of the tail are perhaps less interesting 
than the changes in its shape. 

The greatest change of which we have evidence took place 
between the exposure made on May 6th and that oi May 7th. 
These negatives are too weak for reproduction, the exposures 
being each less than one hour in length. Upon the one of May 
6th (exposure 30 minutes) the tail consists of one main branch, 
7 degrees in length, with a short streamer on each side. Upon 
the negative of May 7th (exposure 55 minutes) there is quite a 
number of streamers on either side of the main branch, which is 
not so long as on the previous night, and the entire comet has 
the appearance which would be produced by the head rotating 
about an axis through the comet and Sun, giving to the tail a 
twisted aspect. It has this same general appearance on the 
photograph (here reproduced) of May 8th, but the twist seems 
to extend further from the head than on the previous night. 
Slight traces 01 this appearance are still to be seen on the photo- 
graph of May 9th. During all this time, with the exception of 
May 6th, the main portion of the tail extended in a straight line 
from the comet, but upon the date above mentioned there is a 
sharp bend in the tail at about three degrees from the head. 



*\ 
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ning to the reproduction of May i8th, we see that the tail 
en slender and decidedly curved. On the following night 
more curved, and presented the peculiar appearance of 
been split down the middle and one half taken off, leaving 
) line along the concave side of the tail. The photograph 
\ 5th shows a short, stubby tail with a bright streamer about 
long on each side. Most of the photographs show any- 
from one to seven streamers extending from the head or 
arious parts of the tail. The number of these was rarely 
ne on two consecutive nights, while their positions and 
i were constantly changing. 

the plate taken June 9th the nebulosity about the head of 
net had become elliptical in form and almost pronounced 
1 to suggest the formation of another tail at an angle of fif- 
egrees from the main one. On the following night this 
ion had developed into two rudimentary tails. On June 
hese still retained their position and form, while the main 
had become much fainter, but had not diminished in 
Unfortunately, the comet had then become so faint that 
almost impossible to see it behind the dark cross-wires used 
ling, and no more photographs were obtained, 
the end of nearly all the exposures made by Mr. Palmer 
de was pushed in about seven eighths of the way. The 
vas then stopped, and the stars were allowed to trail on one 
the plate By means of these trails the position-angles of 
ippeared to be the axis of the tail were measured. The 
ng table gives these measures, together with the computed 
of the position-angle of the radius- vector of the comet: — 

Position-Angles of the Tail. 



Date. 


Tail. 


Radius-vector. 


t-r. 


May 7 


275° I 


273°.o 


+ 2° I 


8 


271 .1 


272 .7 


— I .6 


9 


269 .1 


272 .2 


-3.1 


10 


270 .8 


271 .9 


— I .1 


15 


267 .1 


267 .6 


— 0.5 


18 


260 .6 


263 .0 


-2 .4 


19 


260 .8 


260 .5 


— 0.3 


20 


256 .5 


258.4 


- I .9 



is table shows the observed values, on the average, to be 
y smaller than the computed, but the difference is only a 
arger than the probable error of the best measures, 
e scale of these photographs is too small to show any detail 
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about the head. In most cases it is shown as a bright central por- 
tion four or five minutes in diameter and usually circular, sur- 
rounded by a fainter nebulous portion from ten to fifteen minutes 
in diameter and often elliptical. In the cases where this nebulous 
portion was elliptical the major axis was not always coincident or 
parallel with the axis of the tail. 

On June 5th the negatives taken with each instrument show 
the nucleus as a small bright dot less than one minute in diameter. 
On this date there seems to have been no nebulosity about the 
head, although it was twelve minutes in diameter. In the repro- 
duction it appears sharper than on other dates. Unfortunately, 
the nucleus has disappeared in the process of reproduction. 



PHYSICAL CHANGES OBSERVED IN THE HEAD OF 

SWIFTS COMET. 



By C. D. Perrine. 



After passing perihelion, Swift's comet (1899 a) showed 
evidences of considerable internal action. Before perihelion it 
was simply a round mass of nebulosity, increasing in brightness 
towards the center, but with only a faint nucleus and little or no 
tail. The cohiet was then barely visible to the naked eye under 
good conditions. It again became visible in the latter part of 
April, after having been lost in the Sun's rays for nearly a month. 
It was then much changed in appearance, being much brighter 
and easily visible to the unaided eye. The nucleus had become 
much condensed and much brighter — resembling a star of 6j4 
or 7th magnitude, with low magnifying powers. It also had a tail 
several degrees in length. It was first observed with the 36-inch 
refractor on the morning of May 7th, with a magnifying power 
of 270. The seeing was not good, the star-images being consid- 
erably blurred. 

The following notes were made at the time: '*No structure to 
be detected in the coma. The nucleus is sharp and under the 
atmospheric conditions existing does not differ from a star. 
Nucleus fully 7th magnitude, possibly brighter. North preceding 
the nucleus there is a small appendage brighter than the sur- 
rounding coma — about 10" in length and half as wide. The 
head of the comet fills the entire field (6' in diameter).** 
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i8ggy May 18. — Position- Angle and Distance of Two Stars 

OF 13.5 Magnitude. 

Mt Hamilton a„„i* r»s»»-««-. 

Sidereal Time. A"«^«- Distance. 

17* 53" 19' 38°-36 

17 58 9 203".4o 

18 7 53 203 .41 

18 14 17 203 .45 

18 25 30 38 .08 .... 

18 29 43 . 203 .63 

19 18 39 38 .20 

19 23 4 .... 203 .37 

The comet transited a line joining the stars at 18* 8™, at which 
time star a was 78" and star b 1 25" from the nucleus. The head 
of the comet was 174,000 miles in diameter; and hence the light 
of the two stars traversed cometary matter, as follows: — 

Star a . . 168,000 miles 
b . . 158,000 

18 gg^ June 9. — Position- Angle and Distance of Two Stars 

OF loTH Magnitude. 

sfde^TTImS. Angle. Distance. 

\f 3m I78°.95 

17 8 6' ... 219". 87 

17 22 53 220 .07 

17 37 6 220 .03 

17 53 6 ... 220 .03 

18 50 6 220 .06 

The nucleus of the comet passed between the stars at 17** 41" 
at the following distances: — 

From star a . . 130". i 

b , , 89 .9 

The head of the comet was 145,000 miles in diameter. The 
lig^ht from the stars passed through 122,000 miles of cometary 
matter for star a, and 134,000 miles for star b. 

At the time of the first sets of measures in each case the stars 
were involved in the nebulosity of the comet to some extent, but 
the last measures were wholly free from it. The differences between 
the various sets of measures are small, and there is no indication 
in tbem c£ any systematic variation due to refraction. The dia- 
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grams will make clear the relative positions of comet and stars at 
the times of measurement. The circles represent the fields of view. 

Dr. M. W. Meyer made observations at Geneva of the great 
comet of 1 88 1 (1881 III), from which he deduced an appreciable 
refraction. * 

In 189 1, Professors Burnham and Barnard made observa- 
tions at the Lick Observatory of Wolf's comet for this purpose. f 

Professor Burnham' s measures show a slight systematic vari- 
ation, but in the opposite direction from what is to be expected 
upon the most probable assumption of the variation of density 
in the comet. Professor Barnard's observations show no 
systematic deviations. 

Lick Observatory, University of California, 1899, July 28. 



THE RADIANT POINTS OF METEORS. 



By W. H. S. Monck. 



In a paper read before the Astronomical Society of the Pacific, 
in November, 1892, I contended that all, or almost all, meteor- 
radiants were of the stationary or long-enduring kind, and that 
the current theory which required ihem to shift their position in 
the heavens every night during the continuance of the shower 
entirely failed to explain the facts. **A General Catalogue of 
Meteor- Radiants," by Mr. Denning, has just been published 
in the fifty-third volume of the ** Memoirs of the Royal Astro- 
nomical Society. ' ' Mr. Denning is probably both the greatest 
living observer and the greatest collector of observations of 
meteors, and his tables, I think, bear out the views which 
I expressed nearly seven years ago to the fullest extent. 

Mr. Denning reduces all radiants hitherto observed to 278 
centers. But owing to the paucity of observations made in the 
southern hemisphere, there are perhaps thirty of these of whose 
persistency or otherwise we have at present no reliable informa- 
tion. Omitting these, it will be found that in the vast majority 
of cases meteors come from the same radiant for more — often 
for much more — than a month in succession without any per- 
ceptible variation in the radiant. Thus, taking the first twenty 
of Mr. Denning's centers of radiation (which he places in order 
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Astronomical Society of the Pacific. i55 

of Right Ascension), one is a southern radiant of the kind already 
referred to, and the only other whose duration falls short of a 
month lasts for at least three weeks (a shower from near 17 Aries 
in October). The celebrated Leonid shower is one of the shortest 
in duration; still it continues for at least ten days without percep- 
tible shifting, and meteors come from almost the same point from 
February to April, which Mr. Denning describes as **y Leonids.^* 
The question of their identity with the great meteor-shower is 
worthy of consideration, when we find precisely the same features 
presented by the Perseid shower of August and the Andromede 
shower of November, both of which facts are clearly signalized 
by Mr. Denning, who extends the remark to all the great 
showers of the year, the Quadrantids, the Geminids, the On'onids, 
and even the Lyrids (p. 209). As to the shifting of the Lyrid 
radiant he entertains some doubt, and the only shower of which 
he positively affirms this property is the Perseid shower in July 
and August, of which he gives an ephemeris. There is, no doubt, 
much appearance of shifting in this case, yet there are circum- 
stances which may somewhat qualify our conclusions. The 
earlier positions in Mr. Denning' s ephemeris agree with the 
somewhat diffiised radiant of the a Cassiopeids (No. 7), which last 
from the beginning of July to December, and they are conse- 
quently repeated after the shifting radiant has passed on. We 
next get into the h Cassiopeids (No. 15) — another diffused 
radiant including determinations at 20^ + 50° and 17° + 51°. 
Then come the 6 Perseids (No. 30) and the x Perseids (No. 32). 
In fact, this part of the sky is almost covered with diffused 
radiants; and assuming the shifting to be real, it would be no 
easy task to segregate the meteors belonging to this shifting 
radiant from those belonging to the diffused stationaries over 
which it was passing and to obtain any determination which was 
not a mixture of the two. It does not appear to be asserted 
that the meteors belonging to the shifting radiant can be distin- 
guished from those belonging to the stationary radiants by any 
physical peculiarities, nor can it be said that the shifting radiant 
is sharply defined while the stationaries are diffused. The coin- 
cidence of the principal position on August loth with a stationary 
radiant which is active before as well as after that date has been 
already noticed (No. 39). Practical observers, however, gen- 
erally adopt the theory of shifting, though not agreed in the 
position of the radiant for any particular night. It seems pretty 
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plain that there is on the whole a continuous change (though not 
perfectly steady) in the point or area from which the maxim un: 
supply of meteors reaches us, but each point or area on the patl: 
thus taken by the maximum is active both before and afterwards. 
Taking up Mr. Denning' s ephemeris, it may give the poini 
from which the largest supply of meteors will probably come or 
the night in question* but meteors will be found coming fron 
that point both before and afterwards — perhaps for severa 
months. The whole problem is a very complicated one. Th< 
August Perseids do not appear to exhibit the periodicity whicb 
a cometary origin would lead us to expect. The swarm seems t( 
be greatly broken up, and its present shape is probably one whicl 
our best mathematicians would be unable to deal with, even if i 
were accurately known. A good explanation of the ordinary phe 
nomena of stationary radiation — regarded not as exceptions ^ bu 
as the almost invariable rule — is what we require, in the firs 
instance. Having got that, we may then inquire into the cause 
of the anomalous features presented by the Perseids, I an 
inclined to think that Mr. Denning might have reduced hii 
radiants to a somewhat smaller number than 278. But the classi 
fication of radiants is a matter of considerable difficulty. Wher 
a radiant is diffused there are often sub-radiants, and the distinc- 
tion between such a sub-radiant and a neighboring diffusec 
radiant is very slight. In this way some of the radiants which 
are referred to one center might with equal justice be referred tc 
another. But considerations of this kind cannot affect the 
general result. 

ELEMENTS OF COMET 1898 VIII (CHASE). 



By Roger Spkagub. 



From Coddington\s observations at Mt. Hamilton, 1898, 
November 23, and 1899, January 29, and Kobgld's observatior 
at Strassburg, 1899, April 4, I have computed the following 
parabolic elements for Comet 1898 VIII (Chase). The Mt. 
Hamilton observations were kindly furnished to the Students' 
Observatory by mail. The Strassburg observation was taker 
from the Astronomische Nachrichten, No. 3556, and used aftei 
applying a slight correction to the reduction to apparent place. 
In order to secure the greatest accuracy in the elements, especially 
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^ in T and o^ the final values were derived by Professor Leuschner's 
Diiierential Formulae {Beitrdge ziir Komeienbahnbestimmung, 

P^^GS 28-29). 



Elements. 

T = September 20.073795 Gr. M. T. 
/ = + 22''3o' 27". 3 ") 
0= 95 51 25 .2 V 1899.0 

. «= 4 35 31 -9 ) 
/^^ ^ = 0.358758 

0-C: A^cos)8=- i".5; lsP= - i".7 



x' 



Constants to the Equator of 1899.0. 

sin (190° 55' 42".oo + v) sec' J^ v 
sin (109 15 29 .25-f~v) sec' J4 v 
sin ( 56 12 13 .61 -|- ^) sec' }4 v 



= .-3247374. 

y= [.3334251. 

5'= [.0621375 



XJniversity of California, 



niversity of california, ) . 
Students' Observatory, P ^ '* ^^' 



CTHIRTY-SIXTH) AWARD OF THE DONOHOE 

COMET-MEDAL. 

The Comet-Medal of the Astronomical Society of the Pacific 
been awarded to Dr. Lewis Swift, Director of the Lowe 
ervatory, for his discovery of an unexpected comet on 
3> 1899. 

The Committee on the Comet Medal, 

J. E. Keeler, 
Wm. M. Pierson, 
July 18, 1899. Chas. Burckhalter. 



PLA.NETARY PHENOMENA FOR SEPTEMBER AND 

OCTOBER, 1899. 



By Malcolm McNeill. 



September. 

^rcury is a morning star at the beginning of the month, rising 

**lv an hour and a half before sunrise. It comes to greatest 

, ^ elongation on September 5th, and thereafter approaches 

. ^ Stin, coming to superior conjunction on September 30th. It 

^^ ^t least an hour before sunrise until the middle of the month. 
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Venus passes superior conjunction with the Sun on September 
i6th, and changes from a morning to an evening star; but as its 
greatest distance from the Sun during the month is only a little 
more than 4°, it will remain out of sight to the naked eye. 

Mars is still an evening star, but is drawing nearer to the 
Sun, and at the end of the month it sets only a little more than 
an hour after sunset. It will be a very difficult object to see 
unless the horizon is exceptionally clear and" free from haze. 
It moves 18° eastward and 7° southward among the stars in 
Virgo, and on September 8th is in conjunction with Spica^ 
a Virginis^ the planet being 2° north of the star. 

Jupiter is also in the southwestern sky in the evening, higher 
up than Mars, It is in the constellation Libra, and moves 5^ 
eastward and 2° southward; at the end of the month it is 2^ west 
and 1° north oi a. Libra, 

Saturn is also in the southwestern quarter of the sky, in the 
evening higher up and nearer the meridian than Jupiter. It is 
still in the southern part of Ophiuchus between Scorpio and 
Sagittarius, and moves about 1° eastward during the month. 
It is about 12° east and north of Antares, a Scorpii. 

Uranus is also in the same quarter of the heavens, and lies 
between Saturn and Jupiter in the constellation Scorpio, about 
3° east and i J^ ° south of the second star in the constella- 
tion, /3 Scorpii. It is, however, so low after the twilight has 
disappeared that it will not be easy to see it without a telescope. 

Neptuju rises before midnight, and is on the border of the 
constellations Taurus and Gemini, 

October. 

Mercury is an evening star throughout the month, but does 
not get far enough away from the Sun for naked-eye observation. 
It is in close conjunction with Venus on October loth, and passes 
Jupiter at a little greater distance on October 25th, but its dull 
light will be lost in the strong twilight. 

Venus is an evening star, and increases its distance from the 
Sun a little during the month; so that by the end it sets a little 
more than half an hour after sunset. As it is at nearly its 
maximum distance from the Earth in miles, its brightness will 
be as small as possible, and it will be scarcely possible to see it 
without a telescope. It is in conjunction with Jupiter on October 
29th, the nearest distance of the planets being a little more than 
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tii^ Sun's apparent diameter. It also has a very close conjunc- 
with a Libra on October 26th. 
JIdars is also in the same neighborhood a little farther from 
Sun, and therefore better situated for observation; but it is 
so faint that it cannot be detected in the strong twilight 
vit:liout a telescope. Toward the close of the month it sets an 
h.ouir' after sunset 

ytipiter is very close to the Sun, in conjunction with Mars 
ori October nth, with Mercury on October 25th, and with Venus 
an October 29th; but it sets so soon after sunset that it probably 
caLimot be seen easily after the middle of the month. 

Saturn is not far away from the others. It sets also in the 
eaxly evening, but two hours later than Jupiter; so it will not 
be difficult to see it. It is still in the same neighborhood among 
the stars, in the southern part of Ophiuchus and moving toward 
the western part of Sagittarius. 

Uranus is between Saturn and Jupiter, rather nearer Saturn, 
It is too faint to be seen after twilight ends, on account of the low 
altitude it then has. 

N^eptune rises in the east at about the time when Saturn sets. 

Phases of the Moon, P. S. T. 

New Moon, Sept. 4, 7 33 P.M. Oct. 4, 11 14 a. m. 

^irst Quarter, Sept. 12, i 49 p.m. Oct. 11, 10 10 P. M. 

^ull Moon, Sept. 19, ^ 31 a. m. Oct. 18, 2 5 P. m. 

Last Quarter, Sept. 26, 7 3 a. m. Oct. 26, i 40 a. m. 

The Sun. 

iSr^rx ^* ^' Declination. Rises. Transits. Sets. 

"^' H. M. O / H. M. H. M. H. M. 

^^Pt- I. 10 41 + 8 16 5 32 A.M. 12 OM. 6 28 P.M. 
II. II 18 + 4 33 5 42 II 57 A.M. 6 12 

21. II 54 + O 41 5 51 II 53 5 55 
I. 12 30 — 3 12 61 II 50 5 39 

II. 13 6 — 7 3 6 II II 47 5 23 

21. 13 44 — 10 44 6 22 II 45 58 

31. 14 22 — 14 8 6 32 II 44 4 56 

Mercury. 

I- 9 35 + 13 23 47 A.M. 10 53 A.M. 7 39P.M. 
II. 10 20 H-'ii 48 4 19 10 59 7 39 

21. II 27 + 5 36 5 7 II 26 5 45 

I. 12 33 — 2 9 62 II 55 5 48 

II. 13 34 — 9 35 6 48 12 15 P.M. 5 42 

21. 14 33 - 16 2 7 30 12 34 5 38 

31. 15 32 - 21 6 8 9 12 54 5 39 



Oct. 



Sept. 
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Venus, 



Sept. 



Oct. 



I 

2 

I 

2 

3 



Sept. 



Oct. 



I 

2 

I 

2 



Sept 

Oct. 

Nov. 



Sept. 

Oct. 

Nov. 



Sept. 

Oct. 

Nov. 



Sept. 

Oct 

Nov. 



ID 29 

II 15 

12 I 
12 46 

13 33 

14 20 

15 9 



13 3 
13 27 

13 52 

14 18 

14 45 

15 13 
15 43 



14 17 

14 38 

15 4 



17 5 
17 10 

17 21 



16 9 
16 12 
16 19 

5 46 
5 47 
5 46 



+ II 
+ 6 



+ 



13 
17 



2 
22 
I 24 
3 41 
8 38 
17 
24 



5 

5 

5 
6 

6 

7 
7 



9 A.M. 
32 

55 

18 
42 

6 
32 



— 6 

— 9 

— II 

— 13 

— 16 

— 18 

— 20 



29 
4 
35 
59 
15 
20 

10 



Mars, 

8 43 A.M. 

8 37 
8 31 
8 26 

8 23 
8 19 
8 16 



Jupiter. 

— 12 39 10 17 A.M. 

— 14 28 8 47 

— 16 26 7 18 

Sa turn, 

— 21 34 I- 39 P.M. 

— 21 46 II 47 A.M. 

- 22 3 9 57 

Uranus, 

— 20 54 12 41 P.M. 

— 21 4 10 47 A.M. 

— 21 20 8 52 



+ 22 
+ 22 
22 



Neptune 

9 II 46 P.M. 

8 9 49 
7 7 46 



11 47 A.M. 

II 54 

12 CM. 
12 6 P.M. 
12 13 

12 21 
12 31 



2 
2 
I 
I 
I 
I 
I 



21 P.M. 

6 
52 
38 
26 

15 

4 



3 34 P.M. 

I 57 
12 21 



6 22 P.M. 

4 29 

2 38 

5 26 P.M. 

3 32 
I 36 



7 
5 
3 



5 A.M. 
8 



6 25 P.M. 

6 16 
6 5 
5 54 
5 44 
5 36 
5 30 



7 59 PM. 



7 

7 
6 

6 

6 

5 



35 
13 
50 
29 

II 
52 



8 51 P.M. 

7 7 
5 24 



II 5 P. M. 

9 II 
7 19 



10 IIP.M 

8 17 
6 20 



2 24 P.M. 
12 27 
10 24 A.M. 



Eclipses of Jupiter's Satellites, P. S. T. 

(Off right-band limb as se«n in an inverting telescope.) 

III, D, Sept I. 4 22 P.M. I, R, Oct 7. 

Ill, R, I. 5 46 HI, D, 14. 

II, R, 2. 6 12 III, R. 14. 

I, R, 21. 7 36 



5 54 PM. 

4 15 

5 10 



NOTICES FROM THE LICK OBSERVATORY.* 



t Members of i 



New Double Stars. 
The following double stars were found with the 12-inch equa- 
torial of this Observatory in the course of my double-star work. 
As they are not contained in Burnham's very complete manu- 
script catalogue, they may safely be called new. 
The star places are all for 1900.0. 



SDM. - 



■ 2 3357- 



9.440 
-451 
■459 



53°. 5 2". 28 

54 -2 

53 .9 2 .07 



Decl. — 3" 1 

Migs. S* 

8.9-125 



189945 




53^9 2". r8 

SDM. - 5° 


8.8-12.7 
3300. 








R 


A. 1 1> 24- 38- 


Decl. -5°45' 




1899.429 
•432 
.440 

■459 




263°.6 o".49 
264.7 [0.55 ±1" 
255 .1 -51 
262 .2 .51 

26i°.4 o".50 


9.0—9.0 
9.0 — 9.0 
8.9 — 9.0 
8.9 — 90 
8.9 — 9.0. 


3 
3 

3 


I2.incli^ 
12 
36 
36 


1899.44 








SDM. - 4° 


3858. 








R 


A. 15^ 13- 27'. 
AB. 


Decl. — 5° 


9' 




1899.442 
■456 
■459 

1S9945 




SSI^.e o".38 
348 -5 36 
350 ■ I 0.41 

350°. I o".3S 


9.0 — 9.0 
9.0 — 9.0 
9.0 — 9.0 

9.0 - 9.0 


3 
3 
3 


36-inch. 

36 

36 



■ LJck AMioaonkat Depanmoit of the Unlvenlly orCalifomla. 
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AB and C. 








1899.442 


8i°.o 


2".76 




14^5 


3 


36-inch. 


•456 


79 .3 


2 .43 




— 14.0 


3 


36 


.459 


77 .9 


2 .44 




14^5 


3 


36 


1899.45 


79°^ 4 


2". 54 
AB and 


D. 


14.3 






1899.451 


o°.7 


14". 99 




— 12.0 


3 


12-inch. 


•454 


.9 
o°.8 


14 .97 
I4".98 




— 12.0 


3 


12 


1899.45 


— 12.0 








AB and 


E. 








1899.456 


208^.0 


27". 25 




— 14^5 


3 


36-inch. 


•459 


210 .0 


27 •SI 
27". 28 




— 14-5 

— 145 


3 


36 


1899.46 


209°. 





The wide pair, AD, was noted with the 12-inch, and A wa 

suspected as a very close double with the same instrument I 

verifying this with the 36-inch, the faint stars C and E wer 

found. The stars AB and C form a very pretty triple with th 

large telescope. 

SDM.— 4^ 3880. 





R. A. IS** 


19" 5'. 


Decl. — 4^ 45' 


1899-459 


238^.9 


i".4i 


8.5 — 13-5 3 36-inch. 


•473 


239 7 


I •SI 


13^5 3 36 


•475 


236 .2 


I- 37 


^3-5 3 36 


1899.47 


238^3 


I". 44 


8.5- 13-5 


The faint 


companion 


is barely ^ 


visible with the 12-inch. 






LL. 28 


131. 




R. A. 15^ 


21" 22' 


Decl. — 5''i8' 


i899^454 


146^3 


o".7o 


8.7 — 9.1 3 12-inch. 


.459 


147 .1 


0. 67 


8.5 — 9-2 3 36 


•473 


148 .5 


.58 


8.5 — 9-0 3 36 



1899.46 147° 3 o".65 8.6 — 9.1 

In the finder-field with the preceding star. Well separate 
with the 12-inch. 

R. G. AlTKEN. 

July 10, 1899. 
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System of Sirius according to the Latest 

Observations.*' 

the above tide, Mr. Zwiers has given, in a paper 
y the Royal Academy of Sciences of Amsterdam, the 
his second investigation of the orbit of the companion 
In this investigation he has made use of the meridian- 
ervations of the principal star, and the micrometrical 
>ns of the companion before periastron passage, and 

made after its rediscovery by Professor Aitken, in the 
t of 1896. 

^riodic time which results from this new investigation is 
»rs. This is a smaller value of this element than has 
/iously obtained by any one. Auwers*s value is the 
?st, being 49.399 years. From this the values obtained 
s computers range up to 58.47 years. A number of the 
fnt orbits give about 51 or 52 years, 
ding to the elements obtained by Mr. Zwiers, the dis- 

measured at Mt. Hamilton, are represented in a very 
y manner. It will be remembered that these distances 
d in question some two years ago, it being claimed by 
: they were undermeasured. This appears not to be the 
r. Zwiers states that they are in accordance with 
s laws, and that they fairly oscillate around the com- 
itions. The residuals which he has obtained, in the sense 
-Computed, are given in the following table. In the 
mn are the dates of observation; in the second the 
for the position-angles; in the third those for the dis- 
\ the fourth the number of observations; and in the last 
5 of the observers: — 



896.920 


— 0° 27 


— &' 


\o6 


4 


Schaeberle. 


97.017 


— .83 


+ 


.03 


8,5 


Aitken. 


206 


+ 1 .84 


— 


.06 


I 


HUSSEY. 


818 


— .38 


+ 


.07 


4.3 


Aitken. 


839 


+ .34 


— 


.02 


3 


Schaeberle. 


940 


+ 1 .72 


+ 


.02 


3,2 


HUSSBY. 


98.15' 


+ 0.63 


+ 


.18 


2 


Aitken. 


737 


— .21 


+ 


.04 


3 


Aitken. 


785 


+ .86 


— 


.02 


2 


HuSSEY. 


99.177 


— I .76 


+ 


.24 


I 


Aitken. 


286 


— .04 


+ 


.06 


3 


HuSSBY. 
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In like manner, the residuals obtained for the observations 
made at the Lowell Observatory are — 



1897.802 




l'».52 + 0'^ 


.67 


4 


See. 




828 


— ] 


f .35 +0 


99 


2 


BOOTHROYD. 


98.273 


+ .52 +0 


.73 


3 


See. 




276 


+ - 


2-37 +0 


.79 


3 


BOOTHROYD 


ZWIERS' 


s new 


elements are as 


follows 


1. 






T — 


1894.090 












a- 


44° 30'. 2 


) 








w — 


• 

a — 
E — 

M — 


212 6 .4 
46 I .9 

7"- 594 
0-5875 
- 7°. 37069 


[■• 


;oo 








P — 


48.8421 years. 


















W.J. 


HUSSEY. 



Death of the Hon. T. G. Phelps, Chairman of the 

Lick Observatory Committee. 

The Hon. T. G. Phelps, Chairman of the Lick Observatory 
Committee of the Board of Regents, died at his home at San 
Carlos on June nth, from injuries inflicted by a recklessly -ridden 
bicycle. 

Mr. Phelps came of an old New England family, distinguished 
in the early wars of the country. He was born at Chenango, 
New York, December 20, 1824. In 1849, he came to this State, 
having been for some time engaged in the practice of law at his 
old home. After a short experience at the mines, he engaged in 
business in San Francisco, where he accumulated a comf>etence. 
He took a keen interest in politics; was elected a member of the 
assembly, and later a State Senator. In 1875, he ran for Governor 
on the Republican ticket, but was defeated through a division in 
the party. 

Mr. Phelps was a Member of Congress from California during 
the Civil War, and was the trusted adviser of President Lincoln 
in matters pertaining to the Pacific Coast. He was twice Col- 
lector of the Port of San PVancisco. In 1880, he became a 
Regent of the State University, and in the absence of the 
Governor he presided at the meetings of the Board. When the 
Lick Observatory was transferred to the State by the Lick Trus- 
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tees, he was appointed Chairman of the Observatory Committee, 
a position which he held until his death. He was also Chairman 
of the Trustees of the new Wilmerding School. 

In Mr. Phelps* s character shrewdness and simplicity were 
admirably mingled. His integrity was such that it was never 
questioned in the heat of a political campaign. He was a man of 
splendid physique, and notwithstanding his wide interests in 
practical and public affairs, the tireless energy derived from his 
New England ancestry required further vent in active physical 
exercise. He rose at daylight, chopped his own wood, and 
worked in his garden or on his ranch. The great avenues of trees 
around his beautiful home were set out by his own hand, and he 
was on his way to repair a fence, about a mile from his house, 
when he met with the unfortunate accident which closed his 
honorable and useful life. 

The death of Mr. Phelps has deprived the Lick Observatory 
of a valued adviser, and its officers of a warm personal friend. 

J. E. K. 

Appointment of Fellows at the Lick Observatory. 

At a meeting of the Board of Regents of the State University, 
on July nth, Messrs. E. F. Coddington, R. T. Crawford, 
and H. K. Palmer were reappointed to Fellowships at the Lick 
Observatory for one year, dating from August i, 1899. 

J. E. K. 



i 



GENERAL NOTES. 



ith 



The Committee on Publication has decided to conduct a new d^ i>art- 
ment in the Publications under the title given above. Many notes^ of a 
general character have appeared in the Notices from the Lick Observa-^^oty, 
but hereafter notices in that department will be confined to accoun. "^s or 
results of investigations being carried on in that institution. Members' and 
friends of the Society are invited to aid the committee in carrying ou ^ the 
work of this new department. Communications of general interest wiD 
be gladly received and may be sent to Sidney D Townlev, 2023 Ban^i^roft 
Way, Berkeley, California. 

Students in astronomy in the Summer School of the University 
of California are now (August) carrying on a telegraphic longit M-jde 
campaign between the Student's Observatory, Berkeley, and ^^ 
United States Coast and Geodetic Survey Observatory, Presi<^^^' 
San Francisco. Thus far cloudy weather has badly interfered 
the work. It is probable that in the future the Summer (?) Scl^- ^ 
in astronomy will be held during the Christmas holidays, as ^^ 
weather then is usually good. 

Bulletin No. 10 of the Yerkes Observatory of the Unive 
of Chicago gives some measures of the fifth satellite of Jup. 
made by Professor Barnard with the 40-inch telescope. A c 
bination of these measures with those made in 1892, at the 1 
of discovery, gives for the period of revolution ii*" 57" 22" . 
Professor Hale thinks this cannot be in error more than o".o 

Secretary Long, of the Navy Department, recently appoin. 
a Board of Visitors to examine and report upon the U. S. Na- 
Observatory, to consist of Senator Wm. E. Chandler; Re 
sentative Alston G. Dayton; Professor George C. Comsto 
Director of the Washburn Observatory; Professor George 
Hale, Director of the Yerkes Observatory; and Profi 
Edward C. Pickering, Director of the Harvard Coll 
Observatory. This board met at the Naval Observatory 
June 30th. Its report will be received with the greatest inter 
by astronomers all over the country. 

Professor F. L. O. Wadsworth has been appointed by t 
managers of the Western Pennsylvania University Director of t 
Allegheny Observatory, succeeding in the position Professo: 
Keeler and L angle v. Professor Wadsworth has been co 
nected with the Yerkes Observatory since its opening, and w 
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previously at the Astrophysical Observatory of the Smithsonian 
Institution. 

The following notice, concerning the Third Conference of 
Astronomers and Astrophysicists, has recently been issued. 
These conferences have proved of immense benefit to those who 
are able to attend. It is to be regretted that California is so far 
away that it is in general impossible for the Pacific Coast mem- 
bers of the Astronomical Society of the Pacific to attend. It is 
to be hoped that some time a meeting of the Conference may be 
held at the Lick Observatory: — 

THE THIRD CONFERENCE OF ASTRONOMERS AND ASTROPHYSICISTS. 

The committee charged with the selection of a time and place for 
holding a third conference of astronomers and astrophysicists met in the 
dty of Washington on February 8, 1899, and by unanimous vote of the 
members present, Messrs. Newcomb, Morlev, Hale, and Comstock, 
resolved that such a conference should be held at the Yerkes Observatory 
early in the following September, the precise date to be subsequently 
determined by Professor Hale. 

In accordance with this resolution, and at Professor Hale's invitation, 
the conference will be held at the Yerkes Observatory, Williams Bay, Wis., 
beginning on Wednesday, September 6th, and closing on Friday, Septem- 
ber 8th. 

In its plan and scope this conference will be similar to those held in 
1897 and 1898 at Williams Bay and Cambridge, accounts of which have 
been published in this journal and elsewhere. The committee charged 
with perfecting a plan for the organization of a permanent society of 
astronomers and astrophysicists to have charge of future conferences, will 
report at this time. 

A circular, giving information regarding local arrangements, will be 
issued shortly. Geo. C. Comstock, Secretary, 

{Astrophysical Journal^ July /, i8gg,) 

Dr. T. J. J. See, formerly of the Lowell Observatory, and 
Professor Milton Updegraff, Professor of Astronomy in the 
University of the State of Mbsouri, have recendy been appointed 
by President McKinley Professors of Mathematics in the United 
States Navy. 

Mr. Frederick H. Seares, who was for some time a member 
of the Publication Committee of this journal, has gone abroad to 
pursue the studies of astronomy and mathematics for two years 
in Germany and France. 

The University of Michigan, at its last commencement, con- 
ferred the degree of Master of Science upon Professor W. W. 
Campbell, of the Lick Observatory. 
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In view of the bequest of $50,000 for the department of 
astronomy at Smith College, by the will of Eliza Haven, won ' 
after long litigation, it has been decided that the department 
shall be known as the ** Elizabeth Haven School of Astronomy.** 
— Science^ June ^o^ i8gg, 

Frank Schlesinger, Ph.D. (Columbia), has been appointed 
an observer in the United States Coast and Geodetic Survey, and 
will be stationed at Ukiah, California, where he will take part in 
the international plan for the determination of the variation of lati- 
tude. — Science, July 7. [We hope to give an account of this plan 
in the next number of the Publications, '\ 

In the June number of the Astrophysiccd Journal, Mr. F. R. 
MoULTON, of the University of Chicago, derives formulae for the 
computation of a parabolic orbit from two observations of apparent 
position and one of the motion in the line of sight. So far as 
known, no computations of this nature have yet been made. 

In the same number of the Journal, as above, Dr. Elkin has 
an article, ** Results of the Photographic Observations of the 
Leonids, November 14-15, 1898, at the Yale Observatory." 
Cameras were located at two stations, Yale Observatory and 
Hamden. Seven meteor trails were discussed, and an orbit 
derived assuming a period of 33.25 years. Only one meteor 
recorded itself upon the plates at both stations. Its height was 
found to be at appearance 59.97 miles; at disappearance, 53.14 
miles. 

A new variable star, B. D. -j-45°, 3062, of the -<4i^^/ type, was 
discovered some time ago at Moskow. Harvard College Observ- 
atory Circular No. 44 contains the results of an examination of 
all the Draper Memorial plates taken in that portion of the sky 
occupied by this star. The star appears on 195 plates. On 170 
of these it is of full brightness, while on the other 25 it is below 
normal brightness. A discussion of these measures gives a 
period for the variable of 4** 13** 45" 2". It is noticeable that the 
variation in brightness of this star is over three magnitudes, 
which exceeds the variation of any other variable of the Algol 
type. The circular contains also a table of minima of this star 
for the balance of the year. 

Nature, for June 29th, has an article by W. F. Denning, on 
the Red Spot on Jupiter, He says: ** This feature has shown a 
remarkable variation of motion during the last twelve months. In 
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the winter there was a very decided acceleration of speed, but 
\ during the past three months the motion has been again retarded. 
The acceleration was first noticed here on the evening of Febru- 
ary 3d, when the marking came to the central meridian seven or 
eight minutes before the computed time. In the first half of 1898, 
and again during the last few months, the rotation period of the 
spot was nearly 9'* 55" 42', but for several months in the past 
winter the rate corresponded very nearly with 9^ 55" 40". 6. . . . 
Since the spot became a very prominent feature, in 1878, it has 
exhibited an increasing rate of rotation, the period rising from 
9** 55™ 37' to 9** 55" 42". * We imagine the author meant decreas- 
ing rate instead of increasing, 

A second edition of Professor Campbell's book, **The Ele- 
ments of Practical Astronomy,** appeared some time ago from the 
press of The Macmillan Company. The first thing to attract the 
attention of a person familiar with the first edition is a decided 
improvement in the mechanical execution of the work. The 
book has been revised and enlarged. Most of the mistakes 
which found their way into the first edition have been corrected, 
and few, if any, new ones introduced. The chief additions are a 
chapter on the meridian-circle and a number of illustrations of 
instruments. A critical review of the book, by G. C. C, a 
well-known American astronomer, appeared in Science for June 
1 6th. The criticisms and suggestions there made are well worth 
the serious attention of every instructor of practical astronomy. 
However, as G. C. C. says, the work as a whole may be cordially 
commended. 

During the year 1S98-99 the total enrollment in the courses 
in astronomy in the University of California was ninety-five. The 
total number of students enrolled was sixty-four, of whom nine 
were graduate students. Enrollment includes only those who 
completed courses. 
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F THE CHICAGO SECTION. 

7«— Mr. KllTHVlLN W. PlKt 

OFFICERS OF THE MEXICAN SECTION. 



NOTICE. 

callHi 10 Aniclc VlII of th* Bp-Lawt 
nnual sub«:riRlior --'^---- „..„„,_.j 

sboiild be directed to Asiroiioniictil Sucitiy n< ihe Ptcific, 819 K^^et Street, Son Francisco. 

Hia inieiiifed thai each member ot theSodelyshallreceiveacopy of ochoiieof the 
Puilicaliimi for the year in which he uas elected to tnembeiship and (or all suhspgiiem 
yeara. I( there have bctn (un for lutmlely) anynmissions in this mailer, it l>iequesl«f that 
the Secretaries be at once naiined, in order that tlie tnlsslnj: numbers may be supplieil. 
Memben are requested lopreaeivellH.' copies of the Aij/icadaiu of the Soi-iely asseiil lo 
them. Once each year a lillf-page and coiilenls of the preceding numbers vrill also be sent 
10 the membeis. wlio can tbeu bind ihe numbers together Into a volume. Comi^eic 
volumes for past years will also be supplied, to members only, so fat *s the stock in hand 
Is sufficient, on (he pa)inent of two dollars per volume lo either of the Secretaries. Any 
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THE NORTHERN BORDER OF THE EQUATORIAL 

CURRENT OF JUPITER. 



By a. Stanley Williams. 



It is well known that the equatorial regions oi Jupiter diV^ occu- 
pied by a surface current having a very high velocity compared 
with that of the districts immediately adjoining it on the north and 
south. The difference in velocity, about two hundred and fifty 
miles an hour, is so great, in fact, that the spots or other mark- 
ings situate near the equator gain as much as five minutes on 
those lying just outside the current in each rotation of the 
planet In other words, the equatorial spots will return to the 
same position on the disc, the meridian passing through the 
center, for instance, five minutes sooner than the extra- equatorial 
ones. As Jupiter makes two and a half of his rotations in one 
of our terrestrial days, the difference amounts to nearly thir- 
teen minutes per day. The motion of an equatorial spot is so 
rapid that an interval of only four days is required for it to drift 
the length of the well-known Red Spot, the position of which 
is still clearly marked by the deep hollow, or bay, in the south 
equatorial belt opposite to it, though the spot itself is extremely 
&int at the present time. It is sometimes a highly interesting 
sight to watch day by day a conspicuous string of bright and 
dark spots, such as are so often to be found on the north side 
of the south equatorial belt, drift in solemn procession past the 
Red Spot. 

At the present time there are some very important questions 
requiring investigation in connection with the borders of this equa- 
torial current, and the complicated system of rifts, streamers, and 
spots characterizing these regions. The average boundary of the 
current may be said to fall nearly at the middle points of the two 
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great equatorial belts. Thus, referring to the accompanying 
sketch (Fig. i), the average southern boundary lies in the bright 
rift separating the components of the double south equatorial belt; 
and the average northern boundary falls about the middle of the 
north equatorial belt, which at the date of the sketch was single, 
though it likewise is generally double. Outside these limits the 
surface markings rotate at a rate not differing very greatly from 
that of the Red Spot. Inside, all markings belong to and move 
with the swift equatorial current. The line of demarcation is 
usually very sharp, without much indication of any transition 
stage between the currents, the velocities of which, as already 
mentioned, differ by about two hundred and fifty miles an hour. 
Hence it is not surprising to find various important and complex 
changes occurring in and about the borders of the equatorial 
current. 

The average boundaries of the current are as indicated above, 
but actually considerable variations occur in their positions from 
time to time. This is particularly the case with regard to the 
northern limit. In 1887 and the succeeding five or six years, the 
northern boundary fell at, or, at any rate, very close to, the 
extreme south edge of the north equatorial belt. In other words, 
this prominent dark belt was then situate outside of the equatorial 
current altogether. At most, only a narrow strip at its extreme 
southern edge was included in the current. Last year, however, 
a very remarkable change had occurred, resulting in the whole of 
the north equatorial belt being included within the equatorial cur- 
rent, which indeed actually extended a little north of that belt. 
This change is indeed so very remarkable, that it seems desirable 
to place on record without delay the evidence by which it is 
established. 

My observations oi Jupiter last year commenced on February 
27th. On that night I noticed a white spot on the north side of 
the north equatorial belt, and it was noted as being in mid- transit 
across the disc at 12** 37". 5. No particular attention was attracted 
by the spot at the time, as similar spots have nearly always been 
very common in this locality, and it was at the time considered, 
like these, to rotate at a rate not differing greatly from that of the 
Red Spot. 

But on March 20th a rather peculiar group of spots was 
observed, consisting of a white spot on the north side of the belt, 
connected by means of a bright rift through the belt, with a white 




Astronomical Society of the Pacific. 173 

^pot on the south side of the latter. Immediately following was a 
^Jark double spot. The appearance presented by the two white 
spotis connected by the bright rift through the belt was very 
strf lacing, and on the first available occasion the region was 
:3camined, in order to see what, if any, changes had taken 
This occasion presented itself on March 29th, when the 
iguration seemed unaltered, and on March 31st the sketch 
:. i) was made. It will be seen that the appearance still 
lined practically the same as it had been on March 20th 
March 29th, so that the whole group evidently rotated at 
and the same rate ; this rate, moreover, being that of the 
itorial current. The group of spots was observed on 
y occasions in the course of the next three months, during 
:h period its appearance remained substantially unaltered, 
^ill be seen by the accompanying sketches. At my last 
observation, on June ist, the aspect of the group was still un- 
changed. It was also found on subsequent investigation that 
the -white spot which I had observed on the north side of the 
belt: on February 27th was identical with that marked a 
in P^igure i, though at the time neither the white spot d nor 
the connecting rift were noticed, probably owing to the indiffer- 
ent seeing prevailing then. The dark spot c had, however, 
bee IT observed. 

In the following tables I have brought together the observed 
tim^s when the three spots, a, d, and c, of Figure i, were in mid- 
transit across the disc. In some cases the double-spot c may have 
been observed as one object, whilst in others the time may relate 
to the transit of a single component ; but the two spots were situate 
so nearly north and south that any differences arising from this 
would be very slight. Column 3 contains the corresponding 
'ong:itudes of the spots according to System /of Mr. Cromme- 
Un's **Ephemeris for Physical Observations oi Jupiter'' pub- 
lished in the Monthly Notices,'^ The fourth column gives the 
residuals according to the rotation periods stated below, which 
P^Hods appear to represent satisfactorily the observations of the 
different spots. In the last column, D.= W. F. Denning, Bris- 
^^^; M.==H. MacEwen, Glasgow; P.= T. E. R. Phillips, 
*eovil, Somerset; W.= A. S. Williams. The times are all 
""^^nwich mean times. 



"^hc rotation period o( System / is 9^ 50m 30s. 
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White Spot a. 

Transit. Longitude. 0~C Obierver. 



1899. 


h. 


m. 





m. 




Feb. 


27 


12 


37-5 


128.0 


— 4.2 


W. 


Mar. 


20 


10 


31-3 


129.8 


-h 2.2 






29 


10 


56.7 


127.5 


0.0 






31 


12 


9.3 


127.8 


+ 0.8 




Apr. 


5 


10 


16.8 


129.3 


+ 4.0 






12 


9 


29.5 


126.4 


+ 0.5 






16 


II 


52 


125.2 


— 0.9 






21 


9 


58.3 


125.7 


+ 0.7 






23 


II 


6.6 


123.3 


— 2.9 




May 


7 


9 


41 


122.0 


— 2.8 






16 


10 


16 
White 


124. 1 
Spot b. 


+ 2.2 




Mar. 


20 


10 


31-3 


129.8 


— 1.4 


W. 




29 


10 


59.7 


129.4 


— 0.5 


(< 




31 


12 


12.3 


129.7 


+ 0.4 


«( 


Apr. 


5 


10 


14 


127.6 


— 2.1 


p. 




it 


10 


14-3 


127.8 


— 1.8 


w. 




12 


9 


32 


128.0 


— 0.3 


p. 




<( 


9 


35.5 


130.1 


+ 3.2 


w. 




16 


II 


55 


127. 1 


— 0.9 


(1 




21 


10 


0.3 


127.0 


— 0.2 


1 1 




23 


II 


9-7 


125.2 


— 2.8 


( C 




30 


10 


35.8 


1 30. 1 


+ 6.5 


{( 


May 


7 


9 43 


123.2 


— 3.4 


<( 




9 


10 


57-8 


124.6 


— 0.9 


1 i 




14 


9 


I 


122. 1 


— 3.1 


P. 




t ( 


9 


I0.2± 


128.3d: 


(+6.1) 


w. 




16 


10 


17 


124.8 


+ 0.7 


(1 




1 1 


10 


20 


126.6 


+ 3.7 


p. 




21 


8 


27.5 


127.3 


+ 5.8 


n 


June 


I 


10 


5 


122.8 


+ 0.4 


w. 




22 


7 


58 
Dark 


118.6 
Spot c. 


— 2.5 


D. 


Feb. 


27 


12 


59.5 


141. 4 


+ 0.6 


W. 


Mar. 


20 


10 


46.3 


138.9 


— 1.5 






29 


II 


15.7 


139.2 


— 0.4 






31 


12 


32.3 


141. 9 


+ 4-3 




Apr. 


5 


10 


34.8 


140.3 


+ 2.1 






12 


9 


515 


139.8 


+ 1.9 






16 


12 


9 


135.6 


— 4.6 






17 


7 


53 


137.5 


— 1.4 


D. 




21 


10 


18.3 


137.9 


— 0.3 


W. 
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1898. 
Apr. 

May 





Transit. 


Longitude. 


o-c 


Observer. 




h. m. 





m. 




23 


II 29.8 


137-4 


— 0.9 


w. 


30 


10 47.8 


137-4 


— 0.4 


I( 


7 


10 3.5 


135-8 


— 2.5 


<( 


9 


II 133 


134.0 


— 5.1 


<< 


14 


9 24-7 


137. 1 


+ 0.4 


(1 


»t 


9 25 


137.3 


+ 0.7 


p. 


16 


10 36.5 


136.7 


— 0.2 


w. 


i< 


10 41 


139-4 


+ 4.3 


p. 


(1 


10 41 


139.4 


+ 4-3 


M. 


21 


8 42.5 


136.5 


— 0.1 


P. 


15 


9 5 


135.0 


+ 0.2 


1 ( 


22 


8 23 


133.9 


— 1.4 


t( 



It 
i I 



June 



^he approximate rotation periods of the three spots are: — 

Spot a =9"* 50" 26'.o (190 rotations) 
b=^ 50 25.5 (229 ** ) 
^=9 50 27.8 (280 ** ) 

niean period of the group being 9** 50" 26V 4. 

The presence of the white spot a on the north side of the 
"th equatorial belt shows clearly that in 1898 the equatorial 
Tent extended north of the belt, but the actual boundary 
5 only a small distance to the north of the northern edge 
the belt. This is indicated by the presence of a number 
dark spots just north of the belt, which spots rotated at a 
i not differing very greatly from that of the Red Spot. Two 
:hem are shown in Figure 2, the most preceding of the two 
►earing again in Figure 3.* It will be seen that on April 5th 
group of spots a, b^ c was just following the last-mentioned 
t, but on April 12th it preceded the latter by a long interval, 
^as in hopes of catching the white spot a when in the act of 
ting past one of these dark spots, but bad weather always inter- 
xd at the critical time. 

The permanency of aspect of the group of spots is rather 
tarkable, since it appears that little or no change of importance 
Urred during an interval of more than three months, either 
its appearance or rate of motion. During this period 
siderable changes of aspect and some curious shifts in 
ition occurred in some of the spots on the north side of the 



The spots are represented as isolated, but they actually were situated on a fine belt in 
I seeing, appearing like beads strung on a thread. The mean rotation period of the three 
^«»t spots was 9h 55m 268.3, according to Mr. W. F. Dbnning. 
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south equatorial belt shown in the accompanying sketches, but the 
disturbances producing these do not seem to have extended to 
the group of spots about the north equatorial belt. 

This permanency of aspect is significant. The north equato- 
rial belt is occasionally the seat of most abnormal and intense dis- 
turbance. These occasions of abnormal disturbance seem to arise 
when the northern boundary of the equatorial current falls on or 
within the belt. By reason of the two conflicting currents, the 
dark material of the belt is then literally torn to shreds, resulting 
in innumerable spots, streaks, and detached fragments, which 
undergo rapid changes. This state of things occurred in 1896-97, 
and again during the late opposition (1899). The belt appears 
to be in a comparatively quiescent state if it is situated either 
wholly without the equatorial current, as in 1887 and the suc- 
ceeding five or six years; or within it, as was the case in 1898. 
Not but what there are always very many spots and other details 
visible about the belt, but the changes which then take place 
are comparatively slow and inconsiderable. 

The rapid drift of the equatorial spots past the Red Spot 
alluded to above is illustrated by the present sketches. Figure i 
shows the group of spots on the north equatorial belt under the 
preceding end of the Red Spot, and in Figure 5 the group 
appears again in nearly the same relative position. But in the 
interval between March 31st and May 14th the group of spots has 
made very nearly a complete circuit of the planet relative to the 
Red Spot. 

This rapid drift of the equatorial spots ought to be well known 
by now, but it is nevertheless only too common to find even 
observers of considerable experience still endeavoring to identify 
spots near the equator from their position relative to the Red 
Spot, or in the system of longitudes representing approximately 
the motion of the latter {System II of Mr. Crommelin^s 
ephemeris). 

Hove, Sussex (Eng.), yih September, 1899. 
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OTOGRAPHIC OBSERVATIONS OF THE RING 
NEBULiC IN LYRA AND CYGNUS. 



By James E. Keeler. 



Of the four annular nebulae known to the Herschels, only 

tw^z^ are visible — or easily visible — in northern latitudes. One 

of '^ liese is the Ring nebula in Lyra^ familiar to all observers with 

sia^ .^^1 telescopes. The other, in Cygnus, is small and faint, and 

he jc-^ ce has been very little studied. Many of the planetary nebulae 

ar^ bounded by bright rings, or contain bright rings within an 

ou t^r and fainter limit; but for various reasons these nebulae are 

usm.:m silly placed in a separate class. 

J[n connection with a series of researches on the nebulae, now 
in p>rogress with the Crossley reflector, the two ring nebulae above 
m^xitioned were photographed a number of times during the past 
su ■:x-imer. In what follows I give briefly the substance of a paper 
wlxich was read before the conference of astronomers at the Yerkes 
01:>servatory, in September. 

The Ring Nebula in Lyra. — Several very good drawings have 

t>^^ii made of this nebula, the best of which, in my opinion, is one 

n'^.cie by Professor Holden with the 26-inch refractor of the U. S. 

N^.'val Observatory. The original is in the library at Mt. Hamil- 

^ori. All the drawings agree in showing an elliptical ring, fainter 

^^^T each end of the major axis, and filled with faint nebulosity. 

Th.is nebula has also been successfully photographed by many 

^t^^iervers. In some respects, the photographs which have been 

^^^Lained are superior to the eye observations. Thus, a small star 

^^^cdy in the center of the ellipse is easily photographed with 

^^^n a small instrument. Visually, however, it is very faint. It 

^ *>.ot shown in the drawings of Lord Rosse and Lassell, and 

^^^•^caped Trouvelot with the Harvard 18-inch and Holden 

^"-"^li the Washington 26-inch refractor. There is, I believe, much 

'^^^^-^on to suppose that this star is variable, though it has remained 

P^'^^ctically constant in brightness for a good many years. Its 

'^^^^^nitude b 15.4, according to an estimate by Professor Burn- 

**'^:w, in 1891. 

But the Ring nebula is not such an object as the photographic 

^^*^iscope, in its usual forms, is capable of dealing with most suc- 

^^^sfully. In reflecting telescopes the focal length is generally 
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short, and hence the image of the nebula is very small; in photo- 
graphic refractors the actinic power of the nebula's light is greatly 
weakened by the absorption of the glass lenses. The most suitable 
instrument for photographing the Ring nebula would be a large 
reflector of unusually great focal length. 

The Crossley reflector has a focal length of 17 feet 6 inches, 
and the diameter of the nebula on the photographic plate is about 
2"", or 0.08 inch. If the focal length were, say four times greater, 
the image would still be bright enough to photograph with a 
reasonably short exposure, and the pictures of the nebula would 
doubtless far surpass any ever made. 

A great deal of detail is however visible in an image 2"" in 
diameter, while the brightness of the nebula makes the exposure 
times very short. The following list of negatives made with the 
Crossley telescope under very fine conditions shows the photo- 
graphic efficiency of the instrument very clearly: — 

1899. 
July 13. Exposure 2 hours. All parts of the nebula greatly 

over-exposed. 

July 12. Exposure i hour. Over-exposed. 
July 14. Exposure 30 minutes. Good photograph; treated for 

over-exposure. 

July 14. Exposure 10 minutes. Best general picture of the 

nebula. 
July 14. Exposure 2 minutes. Distinct image. 
July 14. Exposure i minute. Faint image. 
July 14. Exposure 30 seconds. Barely visible image. 

With refracting telescopes exposures of nine, ten, and even 
twenty-four hours have been given to the Ring nebula. Such 
excessive exposures would be useless with the Crossley telescope, 
as they would merely produce a great black blotch on the plate. 

From the best of the negatives in the above list, positives were 
made on glass with an enlargement of about eleven diameters. 
These positives, requiring no magnifier for their examination, were 
more convenient for many purposes than the original negatives. 

The most interesting discovery resulting from an examination 
of the photographs is that the Ring nebula is made up of a num- 
ber of narrower rings interlacing somewhat irregularly, the spaces 
between the component rings being filled with fainter nebulosity. 
One of these rings forms the preceding end of the main ring. 
Sweeping around to the north end of the minor axis, it becomes 
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very bright, perhaps by superposition on the broader main ring 

of the nebula at this place. It crosses this ring obliquely, forming 

the brightest part of the whole nebula, and then forms the inner 

boundary of the main ellipse toward its following end. Another 

of the narrow rings forms the inner boundary of the ellipse on the 

north side; it crosses the main ring obliquely, and on the south 

projects beyond the elliptical outline of the nebula, converting it 

into an oval whose more pointed end is toward the east. 

There are other, but irregular and much fainter, projections of 
nebulosity beyond the general outline of the nebula, at a number 
of places on the ring, particularly at the two ends. The position- 
^rigles and amount of projection have been measured for all these 
nebulous masses, but it is unnecessary to give the results here. 

The nebulosity within the ring, which appears in ordinary 
t^^lescopes like a faint uniform veil, has a very interesting struc- 
^^re on the photographs. Lord Rosse*s drawing in the Philo- 
^^^hical Transactions for 1844 shows the interior space of the 
riebula crossed by a series of dark and bright bands in the direction 
^^ the major axis, and this drawing has, I think, generally been 
*"^grarded as fanciful. Nevertheless, the structure it represents is 
Confirmed by the Crossley photographs — and confirmed, so far 
^^ I am aware, for the first time. There are, however, only three 
^^rk and two bright bands within the ellipse. One of the dark 
■-^^nds is centrally placed. The direction of the bands is not 
^^a.ctly that of the major axis of the main ellipse, but in a position - 
^ri^le about 5° greater. 

The details described above are not visible, or can at most be 

^^'^ly suspected, with the 36-inch refractor, notwithstanding the 

*"*^htness, large size, and fine definition of the nebula as seen 

*t:h this instrument. The advantage of the photograph in this 

e lies in its exaggeration of differences of brightness which are 

small to affect the eye in visual observation. 

Besides the central nucleus, the photographs show only one 

r within the darker inner space. It is just visible at times with 

: 36-inch refractor, and its magnitude cannot be far from 16. 

ere is also a star discovered by Dr. Holden at the preceding 

emity of the major axis. Other stars which have been seen 

the ring by various observers seem to be bright patches caused 

">^ the interlacing of the component rings. 

In 1893, Professor Barnard* discovered a small nebula, near 

* Astronwmsche Nachrichten^ No. saoo. 
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the Ring nebula in Lyra, with the 36 inch refractor. The Crossley 
photographs show that it is a left handed, two-branched spiral, 
with an extreme diameter of about 30". 

The Ring Nebula in Cygnus (G, C, 43 6s). — This is a nearly- 
circular nebula, only about half the size of the one in Lyra, and 
very much fainter. There is a drawing by Sir John Herschel 
in the Philosophical Transactums (1833),* in which the nebula is 
represented as a faint ring without detail, and one by Lord 
RossE,t in which the faint nebulosity within the ring is also 
shown. I do not know of any other published drawings or of 
any photographs whatever. 

Two photographs of this nebula were made with the Crossley 
reflector in August of the present year, and from one of them, to 
which an exposure of two hours was given, enlargements were 
made in the manner already described. 

As shown on the photographs, the nebula is a nearly circular 
ring, measuring 42". 5 by 40". 5. The outer boundary is fairly 
sharp. On the inside of the ring the brightness fades somewhat 
gradually toward the center, which is marked by a nucleus, or 
star, of about the sixteenth magnitude. At several places, narrow 
streaks of nebulosity project from the inner edge of the ring, part 
way to the center, like imperfect spokes. One bright star (14.5 
mag. ) is shown on the ring. It was observed by Lord RossE. 
There is no evidence that this star is physically connected with 
the nebula, and its position on the ring is probably an accidental 
effect of projection. The nebula is surrounded by small stars, the 
distances and directions of which from the central nucleus have 
been measured on the photographs, in order that any proper 
motion of the nebula may be detected by repeating these observa- 
tions at some time in the future. 



THE RISE AND PROGRESS OF ASTRONOMY IN 

CENTRAL EUROPE.— III. 



By Sidney D. Townlky. 



Although without a rival as a practical astronomer, still TvcHO 
Bra HE was not without contemporaries. The science oi astron- 
omy was being advanced by a few persons in Germany, chief 

* Plate XIII, fig. 48. t Observations of Nebulae and Clusters of Stars, Plate V. 
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among whom may be mentioned William IV, Landgrave of 
Hesse. (1532 to 1592). 

Even before Tvcho he perceived that astronomy needed above 
all accurate observations. His observatory, in Cassel, was a 
tower on the Zwehrer Thor. The tower was surmounted by a 
revolving dome; and this was, as far as known, the first time this 
now generally adopted device was used. Observations were 
made by the Landgrave from 15 16 to 1567; but in the latter year 
the g-overnment of the province fell upon him, and but little 
observing could be done thereafter. 

Later, Rothmann, a mathematician, and Buergi, an expert 
clockmaker, were engaged by the Landgrave to carry on the 
observing. Through a pupil of Tycho's they learned of the 
improvements made in the instruments at Uraniaborg, and 

• 

immediately adopted many of them. Clocks were extensively 
used by these observers, and in that practice their methods dif- 
fered materially from Tycho's. Their observations were made 
chiefly upon the fixed stars, the intention being to form a cata- 
logue of over a thousand stars. The work, however, was never 
completed, as it was soon given up after the death of the Land- 
grrave, in 1592. Buergi was a very ingenious person, and is said 
^o have used logarithms and applied the pendulum to regulate the 
•"^nning of a clock. Neither of these discoveries, however, was 
g^iven to the world. 

Many students came to Tycho to act as his assistants, but of 

tne^e one only achieved fame. John Kepler (1571 to 1630) 

^^^ born at Weil, in Wurtemberg. Reared in poverty, he was 

'^^^^rtheless able, being a born scholar, to obtain a university 

^<iia cation. He attended the University of Tuebingen, and it was 

^''^ile a student there that he obtained his first knowledge of 

*^t«*€Dnomy, through the teaching of Moestlin, professor of 

^^^liematics. Kepler's studies, however, were mostly along 

^ line of metaphysics and theology, and it was therefore with 

. ^^-^ctance that he accepted a lectureship in mathematics at Gratz 

^ 594. 



iing of a very imaginative and speculative turn of mind, one 
'^ he first questions that troubled Kepler was concerning the 



^es of the number, size, and motion of the planets. He 
r^'^^mpted first to establish a relation between the distances of the 
^lets from the Sun. After working along many lines, he hap- 
ed to remember that there were only five regular solids, and 
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these he thought might be connected in some way with the five 
spaces between the six planets then known. He finally evolved 
the following: the orbit of the Elarth was represented by a sphere; 
about this a dodecahedron yiras circumscribed; and around that 
another sphere, which gave the orbit of Mars; around that a 
tetrahedron was placed, the corners of which mark the sphere of 
the orbit of Jupiter; around that sphere again a cube was placed 
which roughly gave the orbit of Saturn, In the inside of the 
sphere of the earth an icosahedron was inscribed, and inside the 
sphere of that an octahedron, and the spheres of these two 
represented the orbits of Venus and Mercury, 

The result of these labors, together with an account of all the 
unsuccessful attempts, was published by Kepler in a work called 
Mysterium Cosmographicum, I mention it not from the intrinsic 
value of the work, but because a copy of it was sent to Tycho 
Brahe, who recognized the genius of the author and wrote a 
letter to Kepler, thus beginning the acquaintance which in after 
years led to results of such momentous importance to the science 
of astronomy. 

Tycho gave Kepler this sound advice: **To lay a solid 
foundation for his views by actual observation, and then, ascend- 
ing from these, to strive to reach the causes of things.*' 

In 1 60 1, Kepler was made Imperial Mathematician by the 
Emperor Rudolph II, on condition that he should assist Tycho 
Brahe in Prague. It was Tycho' s intention to construct tables 
of the Sun, Moon, and planets, founded on his own observations. 
His end came, however, before the work was fairly commenced, 
and on his deathbed he intrusted the task to Kepler, with the 
request that the tables be called after their benefactor, Rudolph- 
Upon the death of the master, the assistants, with the exception 
of Kepler, soon went away. Kepler was appointed to 
Tycho' s position, and the great mass of observations accumu- 
lated by that brilliant observer fell into Kepler's hands. They 
could not have fallen into worthier ones. Every one knows the 
three famous laws brought forth from them. As long as the 
science of astronomy shall exist they will stand as an imperish- 
able monument to the genius of John Kepler. 

It is not my purpose to enter into the details of the labors by 
which Kepler arrived at these results. They were derived from 
investigations of the motion of the planet Mars^ this planet being 
chosen on account of the large eccentricity of its orbit and the 
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number of observations which Tycho had made upon it. 
method was to suppose some theory of motion, then to cal- 
I.£ite the positions of Mars according to this theory, and see if 
e positions agreed with Tycho' s observed places. For a long 
he held to the idea of circular motion. Hundreds of dif- 
^31 1 suppositions were tried, and each thrown aside when it was 
«id not to agree with Tycho' s observations. As logarithms 
r-e not then invented, we can easily imagine the tremendous 
r necessary to carry out these calculations. Years were spent 
is work; and we hardly know which to admire more — the 
ius to think out the theories, or the patience to carry out the 
Xcmilations. 

-After years of labor, he finally gave up the idea of uniform 
:~<rular motion. That seems to us an easy thing to do; but we 
St remember that at that time scholars' minds were still 
slaved by the philosophy of Aristotle, and according to 
a.^ philosophy circular motion was the only perfect motion, as it 
xild be impossible for the planets to move in any other way. 
PLER thought first to try a variable circular motion, and to 
litate the computations divided the orbit into sectors, and 
second law was almost immediately found, namely, that 
radius-vector describes equal areas in equal times. This 
^ilt aroused great enthusiasm in him; but comparison with 
CHo's observations soon showed that it was not sufficient. 
PLER announced this in the following quaint way: ** While 
s triumphing over Mars^ and preparing for him, as for one 
y vanquished, tabular prisms and equated eccentric fetters, 
^t is buzzed here and there that the victory is in vain, and that 
^^^^ war is raging anew as violently as before. For the enemy 
^^ft at home a despised captive has burst all the chains of the 
^^uations, and broken forth from the prisms of the tables." 

Kepler's next effort was to try an oval for the orbit. Vari- 
^^Xis kinds were tried, but it then transpired that the law already 
^'^^ind did not hold true. Finally the ellipse was tried, and 
^^ EPLBR found to his great delight that when the Sun was placed 
^^ Otic focus the first law still held, and the places agreed with 
"Ose observed by Tycho Brahe within the unavoidable errors 
^^^ observation. Hence the result: the orbit oi Mars is an ellipse 
^^^th the Sun at one focus. The complicated system of epicycle, 
deferent, eccentric, and so forth, was swept away for- 
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The first two laws were published in 1609, ^"^ ^^s greatest work, 
Astronomia Jiova de motibus Stellas Martis ex-observationibus 
Tychonus Brake, generally designated by the title, ** Commen- 
taries on the Motions o( Mars,*' Still Kepler was not satisfied, 
but kept thinking over the idea that he had long held, that there 
must be some connection between the distances of the planets 
and the times of their revolution. After several years of think- 
ing and calculating, the third law was finally evolved, namely, 
the squares of the times of revolution of the planets about the 
Sun are proportional to cubes of their mean distances from the 
Sun. This law was published in 1619, in a work called Har- 
7nonices Mundi (Harmonies of the World). 

Other important works were issued by Kepler, chief among 
which may be mentioned Epitome Astronomia CopernicancB^ in 
162 1, and TabulcB Rudolphiiice , in 1627. He prefaced the tables 
with a fanciful home of astronomy, which is here reproduced 
from Frisch's edition of Kepler's works (Vol. VI). 

Thus in brief is an outline of the life and work of John 
Kepler. Although he held the high-sounding title of Imperial 
Mathematician, yet his salary consisted chiefly of promises, so 
that nearly his whole life was spent in extreme poverty. When 
we consider this fact, and also the fact that the man was afflicted 
with much illness and domestic trouble, we cannot look upon the 
stupendous labor performed and the brilliant results reached as 
anything short of marvelous. Kepler was possessed of a most 
brilliant imagination and gave it full rein, but finally always tested 
a theory by comparing the results of it with Tycho's observa- 
tions. These were held infallible, and any theory that did not 
agree with them was promptly abandoned, no matter how many 
years of trial it had cost. 

One might suppose that a nature like Kepler's would be 
particularly open to the ideas and methods of astrology; but he 
is said to have entertained the greatest disgust for everything 
astrological in character. Still for many years, when it was 
impossible to get his salary paid, he published and sold an 
almanac in which were given weather predictions and astrological 
prognostications. Notwithstanding the many disappointments 
of his life, due to poverty, illness, and domestic troubles, he 
obtained great intellectual pleasure from his discoveries, as is wit- 
nessed by the following lines, written after the discovery of his 
third law: "What I prophesied two-and-twenty years ago, as 
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soon as I discovered the ^v^ solids among the heavenly orbits, — 

^which I firmly believed long before I had seen Ptolemy's Har- 

TTz^piies, — what I promised my friends in the title of this book, 

"i^rhiich I named before I was sure of my discovery, — what, sixteen 

X^ars ago, I urged as a thing to be sought, — that for which I 

Joined Tycho Brahe, for which I settled in Priague, for which I 

h«i.ve devoted the best part of my life to astronomical contempla- 

ticDns, — at length I have brought to light, and recognized its truth 

vond my most sanguine expectations. It is not eighteen 

onths since I got the first glimpse of light, three months since 

the dawn, very few days since the unveiled Sun, most admirable 

to g^aze upon, burst upon me. Nothing holds me; I will indulge 

y sacred fury; I will triumph over mankind by the honest con- 

sion that I have stolen the golden vases of the Egyptians to 

t>\jiild up a tabernacle for my God far away from the confines of 

grypt. If you forgive me, I rejoice; if you are angry, I can 

ar it; the die is cast, the book is written, to be read either now 

^^r by posterity, I care not which; it may well wait a century for 

^- reader, as God has waited six thousand years for an observer." 

While IwEPLER was thus engaged in clearing away the rubbish 

that filled the solar system, an invention which was destined to 

^^ert a great influence on the progress of astronomy was placed 

*^^fore the world. The invention of the telescope marked a new 

^^parture in the methods of the practical astronomer. It is 

^^arcely possible to overestimate the value of this invention. The 

telescope has become an indispensable part of nearly every astro- 

'^oiTiical instrument. All honor is therefore due the man who 

hrst gave the invention to the world, and who first employed the 

^^lescope as an instrument of astronomical research. 

*' It is a remarkable circumstance in the history of science, 

'^at astronomy should have been cultivated at the same time by 

*^'"ee such distinguished men as Tvcho, Kepler, and Galileo. 

^hile Tycho, in the fifty-fourth year of his age, was observing 

^^ heavens at Prague, Kepler, only thirty years old, was 

F^Plying his wild genius to the determination of the orbit of 

-^^^^^ and Galileo, at tlie age of thirty-six, was about to direct 

^^ telescope to the unexplored regions of space. The diversity 

^ifts which Providence assigned to these three philosophers 

,^^ no less remarkable. Tycho was destined to lay the founda- 

^On ^|- modern astronomy by a vast series of accurate observa- 

^^ns made with the largest and the finest instruments; it was the 
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proud lot of Kepler to deduce the laws of the planetary orbits 
from the observations of his predecessors; while Galileo enjoyed 
the more dazzling honor of discovering by the telescope new 
celestial bodies and new systems of worlds."* 

Galileo Galilei (1564 to 1642) was born in Pisa. He early 
displayed rare qualities as a student and a fondness for experi- 
mentation. In the University of Pisa his fondness for mathe- 
matics asserted itself, and he soon deserted the study of medicine, 
which had been chosen for him by his father. At the age oi 
twenty-six he was appointed to a professorship in mathematics in 
Pisa. After a short time he changed to a similar position in 
Padua, which was held for many years. 

Although greatly interested in astronomy, especially the 
Copernican system, still his greatest work was in the line of 
mechanics. Here was an unbroken field — there was nothing to 
guide him. He was a pioneer in this direction. He created 
science out of chaos, and established the laws of motion which a 
few years later led to the celebrated discoveries of Newton. 
Important as this work of Galileo's was, in its relation to the 
determination of the actual motions of the heavenly bodies, still 
it is not my purpose to deal with it, but rather with his pioneer 
work with the telescope, which means so much to the progress 
of practical and observational astronomy. 

Still of this it is perhaps hardly necessary to write in any 
detail, for the story is familiar to every student of astronomy. It 
was in 1609 that Galileo first heard of the invention, by a Dutch 
optician, of an instrument which made distant objects look near. 
He immediately set to work to reproduce the instrument, and 
soon accomplished the result by using a convexo-plane spectacle 
lens for an object-glass and a concavo-plane spectacle lens for an 
eye-piece. This magnified three times, and gave erect images, 
like opera-glasses of the present time; while the telescopes made 
by the Dutch opticians were of two convex lenses, and conse- 
quently gave inverted images. Soon afterwards an instrument 
that magnified ten times was made, and a little later one that gave 
a thirty-fold magnification. With this Galileo examined the 
heavens, and a host of new things were at once revealed, — the 
mountains of the Moon, phases of Venus (as Copernicus had 
predicted), satellites of Jupiter^ nebulae, countless stars of the 
Milky Way, rings of Saturn^ and spots on the Sun. These 

* Brbwstbr: ** Martyrs of Science," p. 187. 
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indeed were great discoveries, and they added many arguments 

to the support of the Copernican theory, which was by no 

means as yet universally adopted. The telescopic discoveries of 

Oalileo were announced, in a history of astronomy, published 

in 1747 by George Costard, in the following quaint way : — 

GALILEO, 

who was the firft that applied a Telefcope to the Heavens, 
where hi difcovered the fpots in the Sun, the four Satel- 
lites of Jupiter (called by him the Medicean Stars ^ in 
honour of the dukes of Tufcany) and Saturn to be of a 
very ft range and uncouth figure. 

This laft arofe from the imperfedtion of Telefcopes at 
that time, and the vaft diftance of Saturn from the Sun^ 
or Earth, . . . 

GaliUo obferved unevennefles in the Moon, like hills 
and vallies; and that the Milky IVay^ and Nebula^ ob- 
ferved in fome parts of the Heavens, as in the head of 
Orion^ in Cancer^ Sffr. are nothing more than a congeries of 
Stars, too fmall to be feen by the naked eye. 

That the Moon is inhabited, and hath in it hills and 
vallies, is said to have been the opinion of Anaxagoras^ 
about the year before Chrift 480, as we faw before. 

But this could only be matter of conJe6ture, before the 
invention of Telefcopes, or, perhaps, was aflerted by him, 
as a confequence of his other .opinion, that the Sun and 
Moon were material; jm opinion that had like to have 
coft him his life. ^- . . 

Galileo obferved, by means of his Telefcope, that Venus 
did appear fometimes horned like the Moon; and thereby 
verified the conjecture of Copernicus^ and fo far proved 
that his was the true Syftem of the World. 

The first object examined by Galileo with a telescope was 
^*^^ Moon, and we reproduce on the next page his drawing of that 
^*^^ct, together with one of sun-spots.* He published his tele- 
*pic discoveries in a littie book under the title, Nuncius Side- 

(or the Sidereal Messenger). 

These discoveries also gave Galileo some new arguments 

the Aristotelian philosophy, and in that way contributed 

'^haps more to the progress of learning than in any other. We 

ist not forget that the tenets of the Aristotelian philosophy were 

These are copied from Arthur Bbrry's new work, " A Short History of Astronomy.*' 
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still held to tenaciously, and persistently and fervently taught in 
all the universities. No one dared doubt the sutementa of that 
ancient sage, and it would have been philosophic heresy to test 
these long-established 
truths by simple ex- 
periments. Galileo, 
however, was the ex- 
ception to the nile, and 
some of his earliest ex- 
periments showed the 
felsity of some of the 
teachings of Aristo- 
tle. Every one is 
familiar with his famous 
experiment of dropping 
two iron balls of differ- 
ent weights from the 
leaning tower of Pisa 
to demonstrate that the 
velocity with which a 
G:,L.LEo's D.*w,N<i OF THE MooN. "^^y ^cscended did 

not depend upon its 
weight. 
Galileo's criticism and ridicule of the Aristotelian philoso- 
phy led him into many bitter controversies and made many 
enemies among his colleagues. Although a devout Christian, 
yet his espousal of the Copernican system eventually brought 
him into disfavor before the 
Church, In 1616, he was en- 
joined from teaching the obnox- 
ious system; but in 1632, upon 
the publication of his famous 
"Dialogue on the Two Chief 
Systems of the World, the Ptol- 
emaic and Copernican," the 
churchmen were thoroughly 
aroused, and Galileo was sum- 
moned to appear before the In- 
quisidon at Rome. It is not my 
purpose to review the details 
of the dreadful ordeal through 
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which this martyr of science was obliged to pass. He sought only 
the truth. He was right, and his enemies were wrong, and he 
knew it as well as we do. To save himself from terrible torture 
and probable death at the stake, the old man at last recanted, 
declared the Copernican system to be false, and that the Earth 
did not move. 

It has been st«»ted, and quite generally believed, that Galileo 
after recanting arose from his knees and said to a friend, **It 
does move, though." There is no probability whatever that he 
did say this, as is pointed out admirably by Lodge, in ** Pioneers 
of Science " : ''Those who believe the story about his muttering 
to a friend, as he arose from his knees, ''E pur si muove^ do not 
realize the scene, ist, there was no friend in the place; 2d, it 
would have been fatally dangerous to mutter anything before such 
an assemblage; 3d, he was by this time an utterly broken and 
disgraced old man; wishful, of all things, to get away and hide 
himself and his miseries from the public gaze; probably with his 
senses deadened and stupefied by the mental sufferings he had 
undergone, and no longer able to think or care about anything, 
— except perhaps his daughter, — certainly not about any motion 
of this wretched earth." 

We may now leave this poor old man. The balance of his 
life was spent in forced seclusion. Continual illness, grief, and 
finally blindness were added to his burdens. His enemies were 
triumphant. He fell, but the truths which he defended and then 
denied lived on. Galileo's contributions to astronomy were 
brilliant, but his contributions to mechanics were in many respects 
more remarkable. As before stated, he was a pioneer in this 
field, having inherited from his predecessors nothing but errone- 
ous traditions and obscure ideas. His work in this line alone was 
sufficient to insure for him a high place among the scientific men 
of all ages. 

• * The scientific character of Galileo, and hb method of 
investigating truth, demand our warmest admiration. The num- 
ber and ingenuity of his inventions, the brilliant discoveries which 
he made in the heavens, and the depth and beauty of his 
researches respecting the laws of motion, have gained him the 
admiration of every succeeding age, and have placed him next to 
Newton in the lists of original and inventive genius. To this 
high rank he was doubtless elevated by the inductive processes 
which he followed in all his inquiries. Under the sure guidance 
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of observation and experiment, he advanced to general laws 
if Bacon had never lived, the student of nature would 
found in the writings and labors of Galileo, not onl] 
boasted principles of the inductive philosophy, but also 
practical application to the highest efforts of invention anc 
covery.*' * 

(To be continued.) 



ELEMENTS AND EPHEMERIS OF COMET e, \ 

(GIACOBINI).t 



By Miss A. Hobs, Y. Kuno, S. C. Phipps, and Roger Spragi 



From the first three Mt. Hamilton observations by Peri: 
kindly telegraphed to the Students' Observatory by Dir 
Keeler, Miss HoBE, and Messrs. KuNO and Phipps, adva 
students in the University, have computed the following elen 
and ephemeris of Comet e^ 1899 (Giacobini): — 

Observations. 

1899 G. M. T. a 6 

October 2.6758 16** 32" 59'.7 —4° 12' 18" 
October 3.6378 16 34 22.1 —3 5335 
October 4.6292 16 35 46.7 —3 34 40 

Elements. 

T = 1899 July 25.31196 G. M. T. 
i= 90^ 49' 58"! 

«= 279 54 49 r 1899.0 

(0 =: 327 26 20 ^ 

log ^ = 0.128376 
0-C: AXcosi3= - i".5; A)8= - o".i 

Constants for the Equator of 1899. 

^•= [9.365813J sin ( 62° 11' 36" + v) sec' % v 
^= [0.123290] sin (213 33 3 + v) sec* >4 v 
z = [o. 126916] sin (304 16 30 + v) sec* }4 v 



• Brkwstbr; ** Martyrs of Science." 

t Communicated by the Director of Students' Observatory, UniTeraity of Califomis 



/ 
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Ephemeris. 

z&^i^ Gr. Mean Midnight. app. a app 6. log A Br. 

tober 8^5 i6** 41" i3'.9 — 2° 24' 8" 0.3175 0.84 

12 ,5 46 45.2 - I 16 5 0.3340 

16 .5 52 II .9 — o 12 5 0.3495 

20.5 57 34-7 + o 48 34 0.3640 0.60 

Brightness at the time of the first Mt. Hamilton observation is 
en as unity. 

^r. Roger Sprague has independently computed the orbit 
.1:11 the same observations which he corrected for parallax and 
rration on the basis of a first approximation. 

Elements by Roger Sprague. 



T =: 1899 July 25.5208 
i= 90*^ 38' 22" ^ 
= 279 47 o C 1899.0 

<«=327 53 50) 
log^ = 0.130868 

O-C: AXcosi3= -o".8; A ^ = +o".3 
Oniversity of California Students' Observatory. 



PLANETARY PHENOMENA FOR NOVEMBER AND 

DECEMBER, 1899. 



By Malcolm McNeill. 



-^^^rcury is an evening star throughout the month, and comes 

^ Srreatest eastern elongation on the morning of November i6th. 

^^ringthe greater part of the month it sets at least an hour after 

Sunset, and may be seen in clear weather. It is quite near several 

the planets, and there are several interesting conjunctions. It 

^Oves away from the Sun until November i6th, passing Mars on 

^'^ember 4th, morning, distance 1° 48', the Moon on November 

4tn, evening, with an occultation for some places, Uranus on No- 

^tnt^er 8th, evening, distance 2° 37', and as it returns toward 

^ Sun after November i6th, it passes Venus on November 26th, 

^^^ning, distance oP 43', and Mars again November 30th, 

^^^ning, distance 0° 23'. 

Mentis b an evening star, increasing its distance from the Sun, 
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so that toward the end of the month it sets an hour after sunset, 
and can be easily seen. It is in conjunction with Uranus on 
November 14th, distance 0° 24', with Mars on November i6th, 
morning, distance 0° 11', with Mercury November 26th, morning, 
distance 0° 43', and with Saturn November 27th', afternoon, 
distance 1° 54'. 

Mars is still closer to the Sun, its distance diminishing from 
20°, on November ist, to 13°, on November 30th. At the latter 
date it sets only forty minutes after sunset, and is too close to be 
seen without a good telescope. Its conjunctions with Mercury and 
Venus have already been noted. It will also be in conjunction 
with Uranus on the morning of November 13th, distance 0° 38'. 

Jupiter is very near the Sun throughout the month, and moves 
from a point 10° east to a point 15° west, passing conjunction on 
the morning of November 13th. At the end of the month, it rises 
a little more than an hour before sunrise. 

ScUurn is still an evening star, but by the end of the month it 
sets only an hour after sunset, and it will not be easy to see. It 
is in the western part of Sagittarius, and moves about 6° eastward 
during the month. 

Uranus is still nearer the Sun, and passes conjunction on the 
morning of November 30th, becoming a morning star. 

Neptune is approaching opposition with the Sun, and rises 
shortly after sunset. 

December. 

Eclipses, — There will be an annular eclipse of the Sun on 
December 2d, visible only in south polar regions, and ako a 
partial eclipse of the Moon December i6th, the beginning visible 
generally throughout the eastern portion of North America, 
Europe, Asia, and Africa, and the ending generally throughout 
the whole of North America, South America, Europe, and Africa. 
The middle of the eclipse comes at 5** 26" P. M., Pacific time, and 
it will be practically total, less than one per cent, of the Moon's 
diameter remaining uneclipsed. 

Mercury is an evening star at the beginning of the month, but 
passes inferior conjunction on December 5th, and becomes a 
morning star. Its distance from the Sun rapidly increases, and 
on December nth it rises an hour before sunrise. It reaches 
greatest west elongation on the morning of December 25th, and 
then rises nearly two hours before sunrise. It can be easily seen 
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fri t:lie morning twilight, on any clear morning during the latter 
of the month. 
Venus is an evening star, setting rather more than an hour 
r sunset on December ist, and nearly two hours later on 
I^^crcmber 31st It moves about 40° eastward during the month 
tfa rough Sagittarius into Capricorn, 

Jtdars is still an evening star, but is too close to the Sun to 
l>^ seen. Its distance from the Sun diminishes from 12^ to 4^. 

^/tipiter is now a morning star, rapidly increasing its distance 

firom the Sun. At the end of the month it rises three hours 

before sunrise. It moves westward 6° from Libra into Scorpio, 

and on December 31st it is distant from ^ Scorpii less than 1° to 

iVxe ivest, and is moving toward that star. 

ScUum is very close to the Sun, and passes conjunction on 
December 17th. By the end of the month it rises about an hour 
before sunrise, but it will not be easy to see. 

Uranus is a morning star, 20° farther from the Sun than 
S€Uum is; but it is too faint to be seen at the altitude it reaches 
before the morning twilight comes on. 

Neptune is in opposition with the Sun on December 17th. 

Phases of the Moon, P. S. T. 

^ew Moon, Nov. 3, 2 27 a.m. Dec. 2, 4 48 p.m. 

^irst Quarter, Nov. 10, 5 35 Dec. 9, i 3 

***ull Moon, Nov. 17, 2 19 Dec. 16, 5 31 

^^st Quarter, Nov. 24, 10 35 p.m. Dec. 24, 7 57 

The Sun. 

Y %^ R. A. Declination. Rises. Transits. Sets. 

•J^ 99 H. M. O ' H. M. H. M. H. M. 

^^v. I, 14 26 — 14 28 6 34 A.M. II 44 A.M. 4 54 P.M. 

II, 15 6 - 17 27 6 45 II 44 4 43 

21, 15 47 - 19 57 6 57 11 46 4 35 

I, 16 30 — 21 50 7 7 II 49 4 31 

II, 17 13 — 23 I 7 16 II 53 4 30 

21. 17 58 — 23 27 7 23 II 58 4 33 

31, 18 42 — 23 6 7 27 12 3 P.M. 4 39 

Mercury, 
i» 15 3S — 21 31 8 13 A.M. 12 56 P.M. 5 39 P.M. 

II, 16 34 - 24 37 8 43 I 13 5 43 

21, 17 18 - 25 24 8 51 I 17 5 43 

I, 17 15 — 23 II 7 58 12 34 5 10 

II, 16 25 — 19 o 6 16 II 6 a.m. 3 59 

21, 16 26 — 19 10 5 35 10 27 3 19 

31, 17 10 — 21 45 5 49 10 31 3 13 
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Venus, 



Nov. 


I. 


15 


14 


- 17 


46 


7 34 A.M. 


12 32 P.M. 


5 3aP.M. 




II. 


i6 


5 


— 21 


2 


7 59 


12 44 


5 29 




21. 


i6 


58 


- 23 


18 


8 22 


12 57 


5 32 


Dec. 


I. 


17 


53 


- 24 


26 


8 42 


I 12 


5 42 




II. 


i8 


48 


- 24 


19 


8 57 


I 28 


5 59 




21. 


19 42 


— 22 


58 


9 5 


I 42 


6 19 




31. 


20 


34 


— 20 


28 


9 9 
Mars. 


I 56 


6 43 


Nov. 


I. 


15 


46 


— 20 


20 


8 15 A.M. 


I 3 P.M. 


5 51 P-M. 




II. 


16 


16 


— 21 


51 


8 13 


12 54 


5 35 




21. 


16 


47 


23 


2 


8 9 


12 46 


5 23 


Dec. 


I. 


17 


19 


-23 


50 


8 7 


12 39 


5 II 




II. 


17 


52 


-24 


14 


8 I 


12 32 


5 3 




21. 


18 


26 


-24 


II 


7 55 


12 26 


4 57 




31. 


18 


59 


— 23 


41 


7 46 


12 20 


4 54 












Jupiter, 






Nov. 


I. 


15 


4 


- 16 


26 


7 18 A.M. 


12 21 P.M. 


5 24 P.M. 


Dec. 


I. 


15 


30 


- 18 


II 


5 54 


10 50 A.M. 


3 46 


Jan. 


I. 


15 


57 


- 19 


37 


4 24 
Sa turn 


9 15 


2 6 


Nov. 


I. 


17 


21 


— 22 


3 


9 57 A.M. 


2 38 P.M. 


7 19P.M. 


Dec. 


I. 


17 


35 


— 22 


17 


8 14 


12 54 


5 34 


Jan. 


I. 


17 


50 


— 22 


26 


6 29 
Uranus. 


II 8 


3 47 


Nov. 


I. 


16 


19 


— 21 


20 


8 52 A.M. 


I 36 P.M. 


6 20P.M. 


Dec. 


I. 


16 


26 


— 21 


38 


7 3 


II 46 A.M. 


4 29 


Jan. 


I. 


16 


34 


— 21 


55 


5 I 


9 52 


2 33 












Neptune 






Nov. 


I. 


5 


46 


+ 22 


7 


7 46 P.M. 


3 5 A.M. 


10 24 A.M. 


Dec. 


I. 


5 


43 


+ 22 


5 


5 45 


I 4 


8 23 


Jan. 


I. 


5 


39 


+ 22 


4 


3 36 


10 55 P.M. 


6 14 



Eclipses of Jupiter's Satellites, P. S. T. 

(Off left-hand limb as seen in an invertlni: telescope) 

H. M. 

Ill, D, Dec. 18. 4 I A.M. 
Ill, R, 18. 5 28 

I. R, 19. 5 17 

Jupiter ii too near the Sun for observation of eclipses until 
middle of December. 



NOTICES FROM THE LICK OBSERVATORY.* 

Prbparbd by Members op the Stapp. 

•*»■ THE Variable Velocity of Polaris in the Line. 
OF Sight. 
Six measures of the velocity of /'o/am in the line of sight were 
:^u red at the Lick Observatory in 1896, as follows: — 
1 80, Sept. 8, — 20.1^"° per second. 
" 15. -191 
" 23, - 18.9 
Oct. 5. — 19.0 
Nov. II. -20.1 
Dec. 8, — 20.3 
"I'he negative sign is used to indicate approach toward the 
^lar System. These results, extending over a period of three 
*^rfths, are in such excellent agreement that the velocity of this 
■*r was not suspected to be variable. The e.xtrenie range of 
■4-'"" is no larger than would be expected from the unavoidable 
'"■ors of observation. The velocity of the star was assumed to be 
' 1 9. 6'"", the mean of the six separate results. 

Following niy custom of securing frequent checks on the cur- 
■it results o( observation, by remeasuring the velocity of Venus, 
^^»'S, or some of the brighter stars, an additional spectr<^ram of 
**^**.ru was obtained on 1899, August Sth. Measurement of 
'^ plate gave a velocity of — 130'", or an apparent change 
•'<:^e 1896 of b.&^. In order to test the matter further, on 
**8ru3t 9th, spectrograms of Polaris and of ^ and y Andromeda 
**"« secured. That of Polaris gave a result of — I0.6''", whereas 
'**»« of ^ and y Andromeda reproduced the values obtained for 
'^Sq stars in previous years. Additional plates of Polaris, on 
■^'ICust 14th and isth, gave results of — 8.9 and — 14.9'", leaving 
'^ <loubt that the star was a binary of comparatively short period, 

^ Uck AMRiBomlcil DcpaTlmsilorih* Uninnlty DfCallfonili. 
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and the investigations were continued. Following are the veloci- 
ties observed in 1899, up to date:— 

Greenwich 

1899, Aug. 



Sept. 



nean 


1 time. 


Velocity. 


Measures by 


9'^ 


o»» 


46" 


— 1 30^™ 


Campbell. 


9 


20 


5 


— II. 2 


({ 


9 


20 


5* 


— II. I 


(( 


9 


20 


5t 


— 10. 1 


Wright. 


H 


22 


45 


— 8.9 


Campbell. 


16 





8 


- 13.9 


ii 


23 





19 


— 10.7 


(( 


24 





49 


- I5.I 


( t 


24 





49t 


— 14.8 


Wright. 


26 





55 


- 9-4 


Campbell. 


26 





55t 


- 8.5 


Wright. 


27 





18 


— 10.6 


Campbell. 


27 


16 


12 


— 14.0 


1 1 


28 





47 


-14.7 


(( 


28 





47t 


- 14.3 


Wright. 


28 


16 


19 


- 13.7 


{< 


29 





25 


— 12.1 


(t 


29 


18 


49 


- 9.6 


i t 


29 


23 


57 


— 8.9 


t ( 


30 


16 


10 


- 9.3 


{{ 


4 


16 


II 


— 14. 1 


( c 


6 


18 


6 


- 9-2 


Campbell. 


II 


16 


13 


— 9.4 


It 


II 


22 


29 


— 10.7 


Wright. 


II 


23 


5 


— II. 


Campbell. 


12 


23 


33 


— 14.6 


(t 



By plotting these velocities with reference to the times of 
observation, it was found that the velocity varied from about 8 J^^" 
^^ 14 J^, and back to 8^ in a little less than four days. Assuming 
^ I^eriod of 3** 23*' 15", which may be slightly in error, the obser- 
ions are charted as black dots in the upper portion of the 
rompanying illustration, in the space lying between o and 4 
\3^s. They are repeated, in order to reproduce the cycle, in the 
*P^^.ce between 4 days and 4 days. The smooth curve, drawn as 
^^^11 as possible through the charted points, is the velocity-curve 



^A remeasurement of the same plate, which is the poorest one in the 1899 series. 
f Measures of the same plates by Mr. Wright. 
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of the bright Polaris \n its revolution around the center of gravity 
of itself and an invisible companion. Some slight doubt exist 
as to the form of the curve in the regions below i, 2, 3, 4, etc. 
since these portions correspond to our daytime, when observa 
tions could not be secured. In the course of a few revolution 
these portions will correspond to night-time, and observations t< 
locate them will be obtained. 

A preliminary computation shows that the orbit of Polari 
around the center of gravity is nearly circular, the eccentricity 
its ellipse being about o. 15. The major semi-axis of the ellipse 
multiplied by the cosine of the angle which the plane of the orbi 
makes with the line of sight, is about 160, cxx)*""; or less than hal 
the distance between the Earth and Moon. While we may neve 
know the angle of inclination, we are justified in saying that th< 
orbit of Polaris around the center of gravity is probably com 
parable in size with the orbit of the Moon around the Earth. Jus 
as the center of gravity of the Earth and Moon lies within th< 
Elarth*s surface, so is it probable that the center of gravity c 
Polaris and its close companion falls inside of the bright Polaris 
The velocity of this center of gravity with reference to the Sola 
System is at present about — 11.7""" per second. 

The point of greatest interest brought out by the observation 
is that the results obtained in 1896 lie far outside the present rang 
of velocities. A little of the discrepancy might be due to a revo 
lutionof the line of apsides of the elliptical orbit, described above 
but I think the greater part of it must be due to a change in th- 
velocity of the center of gravity of the binary system, producer 
by the attraction of a third body. 

It happened that the six plates of 1896, referred to above, wer 
secured at intervals differing less than half a day from multiple 
of the period of the binary system. They would, therefore, sho> 
but little change in velocity. Very recently, while taking th 
observational data for the plate of 1896, November nth, out c 
my note-book, I chanced to see, on a neighboring page, the recor 
of another ^XzXjt oi Polaris obtained on 1899, November 12th 
accompanied by the note that it was a defective plate, given to ; 
San Francisco astronomer. The plate was at once written for, an< 
received. It i^ a very poor plate, but measurable. It gave ; 
velocity of — 16.9'"°. 

Charting the 1896 observations with reference to the assumec 
period, 3** 23** 15°, they fall as shown in the lower portion of th< 
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illustration. They are well represented by the dotted curve, 
hich is of the same form as the curve for 1899, immediately 
veit 

If the forms of the velocity-curves of the binary system are the 

for 1896 and 1899, the present velocity of the center of 

i^ity of the binary system differs about 6^ "^ from its value in 



The observations were made with the Mills spectrograph 
atrt^ched to the 36-inch telescope. ^ ^ Campbell. 

1899, September 50. 

OTOGRAPHic Efficiency of the Crossley Reflector. 

The reflecting telescope has been so little used in this country, 
the time of Henry Draper, that a few notes on the pho- 
t:o^raphic efficiency of the Crossley reflector may be of interest to 
»x^erican readers. 

The Crossley dome is built on the farther end of a long rocky 

r, which extends from the principal summit of Mt. Hamilton 

the south, and is within a few minutes' walk (or climb) of 

main Observatory. The mirror, which has a very fine figure, 

an aperture of three feet, and a focal length of seventeen feet 

^ inches. The mounting, as compared with the beautifully 

ounted large refractors of the Observatory, is undoubtedly a 

piece of mechanism, but with sufficient experience of its 

^-irnerous idiosyncrasies, the observer can obtain negatives with 

osures of four hours' duration, with only an occasional 

feilure. 

-At present the Crossley telescope is being used for pho- 

^^^graphic observations of nebulae. For such work the summer 

**^oiith8 at Mt. Hamilton present almost ideal conditions. The 

^^y is continuously and often brilliantly clear, while the dryness 

^rid purity of the air are such that the silvered surfaces retain 

^^^ir brilliancy without any care on the part of the observer. 

^^ithin the last week, however, the smoke from forest fires (from 

^^feich there seems to be no escape in even the remotest corners 

^^ ^lie earth) has greatiy dulled the brightness of the sky, and has 

***^^ifered most annoyingly with the photographic work. In the 

er months, on the other hand, the conditions are generally 

9 on account of storms, snow, fog, or dampness; yet there are 

y nights, between the spelb of bad weather, on which the 

^^Qcope can be used. 
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To one who, like myself, has always worked with refracting 
telescopes, the photographic power of a large reflector is sur- 
prising. In this respect, the Crossley reflector does not, of course, 
surpass any other reflecting telescope of like dimensions, but its 
photographic ''rapidity'* is certainly very considerably greatei 
than that of a refracting telescope of the same angular aperture, 
This is due to the fact that the silvered surfaces absorb less of the 
chemically active light than the glass lenses of a refractor, and ii 
is noteworthy that this superiority of the reflector becomes mon 
pronounced the finer the atmospheric conditions under which the 
two classes of instruments are compared. On one of the fine 
nights which I have mentioned, when the Milky Way shines with 
astonishing splendor and the whole heavens look phosphorescent, 
the photographic activity of the reflector is remarkably increased, 
But the performance of the refractor is not greatly changed, foi 
the reason that the short light-waves, which are transmitted more 
abundantly by the unusually clear air, are in any case strongl} 
absorbed by glass. 

To illustrate the photographic rapidity of the Crossley tele 
scope, I give the following examples of exposure- times in whicl 
well-known nebulae have been photographed: — 

The Ring nebula in Lyra has been photographed on severa 
occasions, and the results are described in another part of the 
present number of the Publications. It will be seen that the bes; 
general representation of the nebula was obtained with ar 
exposure of ten minutes. On this plate the stars are perfectl} 
round and very small. The disc of the central star of the nebuk 
has a diameter of 3". 5 ; that of the smallest stars shown does no 
exceed i".5. On the same plate is a double star (not resolved] 
the equal components of which are about 2" apart, while theii 
magnitude is not less than 17 or 18. It will hardly be observec 
visually. The central star, which has a visual magnitude o 
15.4, according to Burnham, gave a distinct image in on< 
minute. 

Photographs of small planetary nebulae have been made, no 
only for the purpose of ascertaining the exposure-times requirec 
for such objects, but to see what amount of detail can be showi 
in a surface of such small dimensions. With regard to the lattei 
purpose, it was found that a large amount of detail was shown, 
but that visual observation with the 36-inch refractor was mon 
satisfactory than photographic observations with the reflector. 
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In the case of the small but remarkable planetary nebula G. C. 
(26" X 16"), the best general picture was obtained in two 
inutes, while the ''ansae/' extending outward from and con- 
eoted with the main nebula, were well shown in ten minutes. 
Another planetary nebula which has been photographed is 
. C. 4964. Eight images were obtained on the same plate by 
ig^htly changing the position of the plate-holder between the 
posures, which ranged from two minutes to one second. The 
iocisiges which received exposures of one minute, thirty seconds, 
axid twenty seconds respectively, were the best. A weak image, 
ixm ^which the central star was just visible, was produced in two 
onds, and a bare trace of the nebula was visible at the place 
here the exposure was one second. 

The planetary nebula in Draco^ G. C. 4373, has also been 
tographed, with quite similar results; and the small nebula 
<iiscovered by Professor Barnard near the star Merope is distinctly 
on a negative of the Pleiades which was exposed for thirty 



The photographic power of the reflector which is illustrated in 

e foregoing examples is very advantageous in the case of objects 

'^^liich are of very unequal brightness, as a very full light-action, 

^-x^ci consequently softening of contrasts, is obtained with a com- 

l>3.ratively short exposure. If, for instance, a plate is exposed for 

^^n minutes to such an object as the great cluster in Hercules^ and 

^■^ther strongly developed, a negative is obtained which shows 

"^^ry dbtincdy all the brighter stars. If the plate is exposed for 

^^^o hours, and is then very lightly developed, the brighter stars 

Appear much as before, but the swarms of minute stars, to which 

^ globular cluster seems to owe its nebulous aspect, also appear 

^^*^ the plate, so that the photograph closely represents the 

appearance of the cluster as seen in a large telescope. On a 

Phot<^;raph of the Muster in Hercules^ made with the Crossley 

■"^fleeter on July 13th, with an exposure of two hours, over 5,400 

^^ars were counted within the limits of the cluster. The average 

^*^meter of a star disc is 3". 5. A discussion of the distribution 

^^ stars in the cluster, as shown by this photograph, has been made 

*^y Mr. Palmer. 

VTtth exposures of four hours, stars and nebulae are pho- 
^^^Sraphed which are far beyond the range of the 36-inch 
'■^fractor. On one plate (3jiX4jj( in.) sixteen new nebulae 
fiMind. It would be easy with this instrument greatly to 
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increase the number of known nebulae; but the discovery of new 
nebulae, all of which would necessarily be faint, seems to be much 
less important than the gain of further information about nebulae 
already known. For this reason no search has been made fur 
new objects, though a catalogue will be made in due time of those 
which have been found in the course of other investigations. 

J. E. K. 
Comet Notes. 

Since its rediscovery by Mr. Perrine on the morning of 
June nth,* Holmes's Comet has been regularly observed here, 
but, so far as is known at present, it has not been seen elsewhere. 
The rediscovery position enabled Mr. Zwiers to correct his 
search ephemeris very satisfactorily. Five observations secured 
by the writer between August nth and September 9th give 
average residuals of only + o'. 66 in R. A. and + 9''» 2 in Decl. 
(O. — C. ) to the revised ephemeris. 

The comet on the last-named date was still very faint, not 
as bright as a fourteenth-magnitude star, and showed only a 
slight central condensation, no true nucleus. Unless it exhibits 
some of the unexpected light changes that made its former 
apparition so remarkable, it is likely to remain beyond the reach 
of all but the most powerful telescopes. 

Comet Tempel II has also been observed regularly here since 
its rediscovery on May 6th of the present year. At first very 
faint, it became bright enough to be an easy object in a small 
telescope in the latter part of July. It is now losing light rapidly,' 
but on the night of September 26th it was still readily visible in 
the 3 J^ -inch finder of the 12-inch telescope, being about as bright 
as a tenth- magnitude star. The nucleus, though now quite faint, 
— about thirteenth-magnitude — is still clearly marked. The 
comet reached its greatest southern Declination about the nth 
of September, and is now moving north and east. It will, there- 
fore, remain in good position for observation for some months to 
con^e. R. G. Aitken. 

September 27, 1899. 

Note on the Seeing at Mt. Hamilton. 

While in the East, during the present summer, I met several 
astronomers who referred to the good seeing at Mt. Hamilton, as 

*See tbete FubHeationSt No. 68, p. 134. 
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re essentially dependent upon the ocean fogs coming in at 
r altitude than the Observatory and by covering the sur- 
ig country so as to keep down the radiation from the val- 
d caflons about us, producing that equality of atmospheric 
3ns which accompanies good seeing, 
experience is somewhat at variance with this idea. The 
:e of fogs over the valleys does not appear to be a very 
int factor in the case. The seeing is sometimes good and 
nes bad when the fog is present, and it is sometimes good 
oetimes bad when it is absent. On some of the finest nights 
lave known there has been no fog in sight. The condition^ 
jive rise to our good seeing must be sought in other causes, 
ly in the prevailing meteorological characteristics of this 

W. J. HUSSEY. 

Comet 1898 VII (Coddington). 

) comet has now been under observation at the Lick 
atory from June ii, 1898, to September 7, 1899, or about 
nonths. During this period it has described a heliocentric 
tiore than 150 degrees. At the time of the last observation 
approximately 4.46 astronomical units, or 412,000,000 
om the Sun. It was also about the same distance from 
rth. Its brightness was estimated at fifteenth magnitude. 

E. F. Coddington. 



GENERAL NOTES. 



The Committee on Publication has decided to conduct a new department in the Publi- 
cations under the title given above. Manv notes of a general character have appeared in 
the Notices from the Lick Observatory, but hereafter notices in that department will be 
confined to accounts or results of investigations being carried on in that institution. Mem- 
bers and friends of the Society are invited to aid the committee in carrying out the work 
of this new department. Communications of general interest will be ^ladl)' received and 
may be sent to Sidney D. Town lev, 2023 Bancroft Way, Berkeley, California. 



Dr. Henry S. Pritchett, Superintendent of the United 
States Coast and Geodetic Survey, recently spent several weeks 
upon the Pacific Coast, looking after the affairs of the Depart- 
ment. A portion of his time was spent at Ukiah, California, 
superintending the erection of a latitude observatory to co-operate 
in the international campaign to determine the variation of the 
latitude. The Department proposes also to locate a magnetic 
observatory in California, which will co-operate with similar 
observatories to be established near Washington, D. C, and in 
the Hawaiian Islands, and with the magnetic observatories already 
established at Toronto, Havana, Mexico, and Manila. About 
ten years will be necessary to obtain a complete magnetic survey 
of the United States and its possessions. The Lick Observatory 
and the Students* Observatory, Berkeley, were among the places 
inspected by Dr. Pritchett for the location of the magnetic 
observatory, but we understand that his decision has not yet been 
announced. 

The Astronomical Journal, No. 467, is given up to an article, 
by Professor S. J. Brown, of the United States Naval Observa- 
tory, in which a new determination of the orbits of the satellites 
of Mars is made from a discussion of observations made with 
the 26-inch equatorial of the Naval Observatory and the 36-inch 
equatorial of the Lick Observatory, 1894-96. 

Since we mentioned in the last number of the Publications a -i 
criticism of the second edition of Campbell's '* Elements of^ 
Practical Astronomy," it is perhaps only just to state that Science"^ 

for September 8th publishes a reply by Professor Campbell 

Of the reply we can say, as we did of the review, * * The criticismi 
and suggestions there made are well worth the serious attentioi 
of every instructor of practical astronomy." 



Miss Laura Shearer, a student of the University of th< 
Pacific, College Park, has taken the * * Definitive Orbit of Comer -= 
1898 VI," as her thesis for the degree of B. S. 
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A new catalogue from the Zeiss Optical Works, Jena, gives 
two new combinations of lenses by which the secondary spectrum 
is almost entirely eliminated. One, the binary apochromatic 
lens, has a ratio of aperture to focal length of 1:17 ^ 1:20, 
while the other, the triple apochromatic lens, one flint and two 
crown glasses, has a ratio of i : 10 to i : 15. 

The report of the Royal Observatory, Cape of Good Hope, 
for 1898, contains details of the mounting of the McLean tele- 
scope, a 24-inch photographic and 1 8- inch visual combination. 
The visual lens has proved entirely satisfactory, but some altera- 
tions are necessary in the photographic lens. The lenses were 
made by Sir Howard Grubb. A new transit-circle is also being 
constructed for the observatory by Troughton & Simms. It 
is to be mounted within a house of sheet steel. 



r 



A new determination of the photometric magnitudes of the 
stars of the Pleiades has been made by Mueller & Kempf, at 
the Potsdam Observatory. Their results are contained in Nos. 
3587-88 of the Astronomische Nachrichten, 

The last number of the Vierteljahrsschrift der Astronomischen 
Geseiischa/t contains accounts of the work done, in 1898, at the va- 
rious observatories and other astronomical institutions of Central 
Europe and also at the observatories at Cambridge (U. S. A.), 
Cordoba, and Williams Bay. We give below an outline of 
the chief lines of work carried out in the three institutions last 
named. We hope in the next number to be able to give a simi- 
lar outline for the European institutions : — 

Cambridge, Observatory of Harvard College. — The researches 
of fonner years were carried on under the direction of Professor E. C. 
^CURING. The work was almost entirely photometric and photo- 
IRiphic in nature. 

I. Photometric: The 15-inch and 6-ihch equatorials were used in the 
<^rvation of variable stars. The meridian photometer observations 
<>f all the stars, down to and including the 7.5 magnitude, were com- 
pleted down to — 40® declination. The instrument has now been sent 
^ the branch station in Arequipa, Peru, where the work will be con- 
^ttned to the south pole. Photometer observations have been com- 
^oeoced on certain regions where stars from 7.5 to 13 magnitude are 
<iUerved. 

>• Photographic: The various photographic telescopes were eift ployed 
V work upon the Algol stars at minimum, Jupiter* s satellites in eclipse, 
^^(C'dtatkms, clusters, spectra of fainter stars, trails of stars near the pole 
to determine constants of aberration, nutation, and precession, etc., etc. 
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About 7,000 photographs are taken each year. These are measured and 
worked up by Mrs. Fleming and twelve women assistants. 

The work done in Cambridge is being extended to the southern 
skies at the station in Arequipa. The principal instrument there is the 
24-inch Bruce telescope, with which the sky is being charted and the 
spectra of fainter stars observed. On one plate images of 400,000 stars 
appeared. 

"A line of eight meteorological stations is maintained, extending from 
the sea-level to the top of Ei Misti, and on the other side into the valley 
of the Amazon. The elevations of these stations are: 100, 4,150, 8,060, 
13,300, 15,600, 19,200, 11,000, and 3.000 feet respectively. Self-registering 
instruments record continuously the temperature, pressure, wind, etc." 

** About fifty observers take part in the scientific work of the observa- 
tory, and its income of about |5o,ooo is derived from funds given by 
private individuals for this purpose. It receives no aid from the State, 
nor from the general funds of the University." 

Cordoba. — The work so admirably planned and carried out for 
fifteen years by Dr. Gould has been greatly retarded during several 
years past by the financial difficulties in which the Argentine Republic 
is involved. 

Dr. Thome gives the following programme of work for 1898; — 

1. Extension of the southern Durchmusterung (visual). 

2. A. G. Zones: Reobservation upon the meridian-circle of all th< 
stars in the Cordoba Durchmusterung catalogues as bright as 9. 2 magni — ^ 
tude; and, besides, such fainter ones as are given in our meridian- 
catalogues. 

3. Observations of comets, planets, and casual phenomena. 

4. Determination of the geographical co-ordinates of the princi] 
cities and towns of the Republic. 

5. Computations corresponding to the above. 

6. Computation of the ephemerides of the fifty-four stars in tb*- ^ 
Cordoba circumpolar list, for each year. 

7. Preparation of the star- maps to accompany the Durchmusteruns^^ 
catalogues. 

8. Time service : Signals every day at 1 1 a. m. 

9. Various observations made at the solicitation of astronomers. 

10. Revision and publication of the results. 

In writing of the observation of meteors, Dr. Thomb makes tl 
following interesting statements concerning the weather: *'The chan] 
which has taken place in our climate since the '8o's is very remarkabU 
From being one of the finest in the world for astronomical pursuit:.^, 
it has fallen to an average of little more than one clear night in two, ai^^' 
the extraordinary transparency of the atmosphere no longer exists. Tk»« 
annual average of clear nights in the interval from 1873 to 1881 was 7G^\ 
from 1890 to 1898, it was 195; which, with the greater frequency of int^^' 
ruptiorts by clouds, implies a loss of nearly three months of observiKi^ 
yearly over the former period. In the year 1879. there was a period of 
ninety nights of uninterrupted meridian work. The change must t>« 
attributed, in part at least, to the creation of the large artificial lake in < 
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valley of the mountains, about twelve miles distant, and to the irrigated 
zone now extending to the north and south of the city in our immediate 
vicinity." 

Williams Bay — Yerkes Observatory. — After giving a brief his- 
torical account of the observatory. Director Hals mentions briefly the 
scientific investigations which are being carried forward. The following 
extracts may be of interest : — 

^'Double Stars. — Professor Burnham has employed the 40-inch 
telescope on two nights of the week in the measurement of double stars, 
with the special purpose of preparing a catalogue of his own stars for 
publication. He has hitherto measured about one thousand pairs. No 
attempt has been made to search for new double stars, although a few 
have been discovered in the course of the work." 

''Star-Clusters — Professor Barnard has verified with the 40-inch 
telescope a number of the variable stars discovered by Professor Picker- 
ing in the cluster Messier 5. He has determined the period of several 
of these stars, and his results agree well with those of the Harvard 
observers. Two or three variables not marked on the Harvard photo- 
graphs have been noticed in the observations. Professor Barnard is 
also engaged in triangulating several star-clusters, and has measured the 
relative positions of 115 stars in Messier ^^ 30 in Messier s, and 50 in 
-Werner jj. The latter positions agree well with those obtained photo- 
&i'aphically by Professor Scheiner. In some instances, three stars have 
*^^en seen and measured where but one is shown on Scheiner's 
Photographs. It has been found that the stars designated by Scheiner 
^'ith the numbers 393, 401, 749, and particularly 382 (his normal star), 
^>"e much fainter visually than photographically." 

''Planets and Satellites. — During the summer of 1898 Professor 
^-arnard made a series of forty-three measures of the diameter of 
^enus and eleven of the diameter of Mercury with the 40-inch telescope, 
^^o traces of the linear markings recently described by several observers 
^CDuld be detected, although the atmospheric conditions were frequently 
^^cellent and the vague markings seen by Professor Barnard at Mt. 
*^amilton were visible." 

''Spectra of Stars of Secchi*s Fourth Type. — A photographic 
^tudy of stars of Secchi's fourth type was undertaken by the writer 
C Professor Hale], in conjunction with Mr. Ellerman, in January, 1898. 
-^ large number of photographs have been secured of stars ranging in 
^^agnitude from 5.4 to 8.2. The earlier work was done with a single 
t^rism, but later it was found possible to use a dispersion of three 
¥>risms, even with the faintest stars. Several hundred lines have been 
Measured in these spectra and the radial velocity has been sufficiently 
>vell determined to permit the wave-lengths to be corrected for motion, 
t'he photographs, which have been made here with the 40-inch telescope 
and by Professors Keeler, Campbell, and Durier, have led to the 
Conclusion that the spectra of these stars contain bright lines. Photo- 
graphs recently obtained, which are much superior to the earlier ones, 
show an almost perfect agreement of the spectrum of ij2 Schjellerup 
^iih that of the third type star ^ Geminorum in certain regions in the 



2o8 Publications of the 

blue and green. There can thus be no doubt of an intimate connect 
between stars of the third and fourth types. It has also been foi 
possible to arrange the spectra of eleven stars of the fourth type i 
series having at one end 280 Schjellerup and at the other end a 
Schjellerup. In 280 Schjellerup the characteristic dark bands (attribt 
to carbon) are inconspicuous, while in is$b Schjellerup they are siror 
developed.'* A detailed account of this work is given in the Auj 
number of the Asirophysical Journal, It is the first of a propc 
series on the same subject. - 

Other important investigations are being carried out, the nature 
which are indicated in the following headings given by Professor Ha 
Stellar Photography; Leonid mQXQors\ Spectrum of the Chromosph« 
Solar Photography; Determination of Stellar Velocities in the Lin< 
Sight; Miscellaneous Stellar Spectroscopic Work; Spectra oi Jup 
and Sdlum; Color Curve of the 40-inch Objective; Theory of Opt 
Instruments; Stellar Heat Radiation; Variable Stars; Experiments 
Lunar Photography with the 40-inch Telescope; and Spectrum of 
Iron Spark in Air. 

At the annual meeting of the American Association for 
advancement of science, held in Columbus, Ohio, August 2 
to 26th, Professor Asaph Hall, Jr., Director of the Obser 
tory of the University of Michigan, was elected vice-presiden 
Section A, Mathematics and Astronomy. Three papers of ast 
nomical interest were read before the meeting, — one by Asa 
Hall, Jr., one by R. W. McFarland, and a third by H. 
Lord. An abstract of Professor Lord's paper — ** Some Pol 
in Spectroscope Design" — written by himself, is given below :- 

This paper supplemented one published in the Asirophysical Jom 
for April, with twelve photographs of the solar spectrum, and discus 
them by curves drawn in accordance with the method above giv 
The photographs were taken with cameras whose focal lengths wer 
the ratio 1:3:4, and with an optical dispersive power of one light 1 
prism, one dense flint prism, two dense flint prisms, and the third or 
of a 14,000-line grating, combining each camera with each prism 
grating in turn. These photographs showed that of the three fact< 
namely, optical contrasting power, optical resolving power, and ph 
graphic resolving power, that optical contrasting power was by far 
most important. That full photographic resolution would be secu 
on rapid plates when the width of the diffraction pattern of a lini 
X 4340, whose width was 0.168 Angstrom units, was in the neighborh* 
of o°*".o8 and when this width was as small as o™».o3 full visual res« 
tion could not be reached photographically. Attention was callec 
the fact that on account of the slit width being limited by practical c 
siderations to about one thousandth of an inch, two spectroscopes cc 
be designed which would give exactly the same optical and photograi 
resolving power and contrasting power, while the ratio of focal ler 
to aperture would in the one case be i: 12 and in the other 1:24. 
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The Third Conference of Astronomers and Astrophysicists was 

Iield at the Yerkes Observatory, September 6th to 8th. Cloudy 

vi^eather prevailed most of the time, so that those in attendance 

i?vere able to see but little with the great telescope. The foUow- 

ingf is a list of the papers read before the meeting : — 

-A. S. Flint: The Repsold Transit Micrometer of the Washburn 
Observatory and Slat-Screen Apparatus. 

S. J. Brown: The Position of the Axis of Neptune from Perturbations 
of its Satellite. 

E- E. Barnard: Notes on the Annular Nebula in Lyra^ the Fifth Sat- 
ellite of Jupiter^ Triangulation of Star Clusters, and Measures of 
the Difference of Declination of the Stars Atlas and Pteione. 

^V^iLUAM Harkness: On the Semi-Diameters of the Sun and Moon. 

I^- R. Moulton: Problems in Modern Celestial Mechanics Treated by 
the Use of Power Series. 

Ormond Stone: On the Motion of Hyperion, 

BI. C. Pickering: The Revised Harvard Photometry. 

Kurt Laves: Determination of the Principal Term of Nutation from 
Observations of Eros, 

W". W. Campbell: Wave-Length of the Green Coronal Line. 

A.SAPH Hall, Jr.: Aberration Constant from Meridian Zenith Distances 
of Polaris. 

J- E. Kkeler: The Ring Nebula in Lyra. 

George E. Hale: Notes on Carbon in the Chromosphere, the Con- 
nection between Stellar Spectra of the Third and Fourth Types, 
and Some New Forms of Spectroheliographs. 

E- B. Frost: Notes on the Reduction of Stellar Spectra, Titanium as a 
Comparison Spectrum, and Corrections of Absolute VVave-Lengths 
due to the Earth's Motion. 

^Rank Schlesinger: Suggestions for the Determination of Stellar 
Parallax by Means of Photography. 

^- L Bailey: Note on the Relations between the Visual and Photo- 
graphic Light Curves of Variable Stars of Short Period. 

^- 1. Bailey: The Periods of the Variable Stars in the Cluster Messier^, 

^- S. Davis: A Statement of the Progress of the New Reduction of 
PiAZZi's Meridian-Circle Observations between 1792 and 1814. 

W. w. Campbell: The Spectroscopic Binaries Capella and Polaris. 

*^- L. Chase: Refraction of Red Stars. 

^^orge C. Comstock: Some Researches in Stellar Color. 

*^^RT Laves: Inner Potential Forces Applied to Celestial Mechanics. 

*^- R. Moulton: Laplace's Ring Nebular Hypothesis. 

^- W. Hough: On the Actinism or Photographic Power of the Moon 
in a Total Eclipse. 
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M. B. Snyder: The Phonochronograph and its Advantages in certain 
Astronomical Observations. 

One of the astronomers present has kindly furnished us with 
the following notes concerning the papers : — 

Dr. Laves, in his paper, showed that the next opposition of 
the planet Eros would present a very favorable opportunity for 
the determination of the principal term of the constant of nuta- 
tion. 

Professor Keeler's paper on the Ring nebula in Lyra was 
accompanied by lantern-slides made from the negatives of this 
interesting object taken with the Crossley reflector. Professor 
Baenard called attention to the fact that a star which he had 
found at the limit of visibility with the 40-inch telescope was 
shown on the Crossley plate of two hours* exposure, and the plate 
seemed to show yet fainter stars. 

Professor Campbell's paper gave the results of his observa- 
tions on Capella and Polaris. Both were found to be spectro- 
scopic binaries. In the case of Capella the lines were doubled 
periodically, while in Polaris they were periodically displaced, 
showing motion about a dark body. 

Professor Baily's paper gave a table of periods and magni- 
tudes of the variable stars in the cluster Messier §, The fainter 
variable stars in this cluster have all nearly the same period — 
about half a day. They have nearly the same magnitudes, and 
the range from maximum to minimum is about one magnitude. 
Professor Baily thinks that they must all have had the same 
period at one time, and that perturbations have since changed 
them. There was found to be no relation between the distance 
of the star from the center of the cluster and its period. These 
variables range from 14" to 15"". 

Some of the researches discussed by Professors Hale and 
Barnard in their papers have already been mentioned in the 
extracts from the Vierteljahrsschrift, Professor Hale gave in 
addition an account of his observations by which carbon was dis- 
covered in the chromosphere. Professor Barnard gave also an 
account of his observations with the 40-inch telescope, at differ- 
ent temperatures, to see if the curvature of the large object-glass 
changed. Observations were made over a range of io6° of tem- 
perature and a shortening of the focus was found in the cold 
weather. An account of these observations was published in No. 
462 of the Astronomical Journal, 
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At the third conference of astronomers and astrophysicists 
held at the Yerkes Observatory in September, a permanent 
organization was affected under the name of **The Astronomical 
and Astrophysical Society of America." One of the charter 
members has kindly forwarded us a copy of the constitution of 
the society, the salient points of which are contained in the fol- 
lowing extracts: — 

• * The purpose of this Society is the advancement of astronomy, astro- 
physics, and related branches of physics." 

** Those persons whose names were signed on or before September 
'5» 1S99, to the annexed statement of desire to form such an association 
shall constitute the charter members of this Society. Other persons may 
he elected to membership in the Society by the Council hereinafter 
provided." 

* • The officers of the Society shall consist of a president, two vice- 
Presidents, a secretary, and a treasurer. . . . These officers together 
^^itH four other members of the Society shall constitute a Council to 
^^Hich shall be intrusted the management of all affairs of the Society 
'*<^t otherwise provided for." 

** The Council shall determine the time and place of each meeting 
^^ the Society, and shall provide for an annual meeting, at which officers 
sHaii be elected." 

** The Council shall levy an annual assessment upon the members of 
^o^ Society sufficient to provide the funds required by the Society for 
to^ ensuing year; provided that this assessment shall not exceed the sum 
^* ft ve dollars per member in any year." 

The officers elected are as follows: — 

F*resident .... Simon Newcomb, Washington, D. C. 

X y D • J . f Charles A. Young, Halsted Observatory. 
X/ice-Presidents, \ ^ ^ ^r ^r , ^, 

C George E. Hale, Yerkes Observatory. 

^Secretary .... George C. Comstock, Washburn Observ- 
atory. 

^treasurer . . . . C. L. Doolittle, Flower Observatory. 

CIDth^r members of Council: E. C. Pickering, Harvard College 
^^^rvatory; James E. Keeler, Lick Observatory; E. W. 
^^^^:iiLEY, Adelbert College; Ormond Stone, Leander McCor- 
Observatory. 
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Minutes of the Meeting of the Board of Directors, 
held at the lick observatory, september 2, 1 899. 

Dr. Keeler presided. A quorum was present. The minutes of 
the last meeting were approved. 

Adjourned. 



Minutes of the Meeting of the Astronomical Society 
OF the Pacific, held at the Lick Observatory, 

September 2, 1899. 

Dr. Keblsr presided. The minutes of the last meeting were 
approved. 

The following papers were presented : — 

1. The Rise and Progress of Astronomy in Central Europe ( 11 ), by Sidney D. Townlby. 

a. Photographic Observations of Comet a, 1889, (Swift), by E. F. Codoington and 
H. K. Palmer. 

3. Physical Changes Observed in the Head of Swift's Comet, by C. D. Perrxnk. 

4. Observation of Swift's Comet (1889 a) for Refraction, by C. D. Pbrrink. 

5. The Radiant Points of Meteors, by W. H. S. Monck. 

6. Elements of Comet 1898 VIII (Chase), by R. Sprague. 

7. Planetary Phenomena for September and October, 1899, by Prof. M. McNeill. 

The Chabot Observatory — Dolbeer Eclipse Expedition. 

Secretary Ziel reported that a committee, consisting of Messrs. 
John Dolbeer and F. R. Ziel, had been appointed by President Pardee, 
for the purpose of procuring the funds necessary to defray the expenses 
of the Total Solar Eclipse Expedition to be undertaken by Mr. Charles 
Burckhalter in May, 1900, — and that Mr. John Dolbeer has gener- 
ously contributed the entire amount. 

Adjourned. 
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A REVIEW. 



Bv Sidney D. Townley. 



Untersuchungen iiber die asironomische Refraction^ tnit einer 
Bestimmung der Polhohe von Mibichen und ihrer Schwan- 
kungeny vom November, i8gi, bis October, iSgj^ und tin 
KatcUog der absoluten DecHnationen von 116 Fundamental' 
Stemen. Von Dr. Julius Bauschinger, Neue Annalen 
der K. Siemwarte iyi Miinche^i^ Band III, i8g8. 

In presenting the theory of refraction to a class of advanced 
students in practical astronomy last spring, the above investigation 
was reviewed in considerable detail, as an illustration of the latest 
methods and results in the subject of refraction. The subject is a 
very important one, and although numerous investigations have 
already been made, and accurate and convenient tables have been 
<:omputed, still it has not reached the completeness demanded by 
the astronomy of precision of to-day. As interesting conclusions, 
some of which have a direct bearing upon the construction of 
meridian-circle houses, were reached, it has been thought that a 
review of the memoir may not be without interest to astronomical 
readers. 

The first six articles are given up to a description of the instru- 
ment and an investigation of its circle, microscopes, etc. 

The instrument used was a new Repsold meridian-circle, with 
an objective of 160°^ (about 6.3 inches). 

The purpose of the work was to thoroughly investigate, as far 
as circumstances would permit, all questions of astronomical 
refraction. Inseparably connected with this was a new determina- 
tion of the latitude and the compilation of a catalogue of funda- 
mental declinations of a list of fixed stars. As to the usefulness 
of such a work, the author remarks (article VII, page 59): **The 
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utility of such an investigation cannot be doubted; for, aside from 
the fact that an investigation of the refraction in Munich has 
never been made, and observatories in which fundamental meas- 
urements are to be carried out can scarcely longer forego this 
work, the excellence of the new instrument also promised a 
higher degree of accuracy than was obtained by Bessel in his 
investigation made seventy years previously. The experiences 
of the last decades have so often pointed to the necessity of 
change in the fundamentals adopted by Bessel, that, from the 
present standpoint of instrumental equipment and accuracy of 
observing, a thoroughgoing investigation seems necessary, in 
order to obtain the greatest possible control over this most 
disturbing factor in astronomical observations. Besides this, 
advances which have not yet been utilized have been made in the 
mathematical treatment of refraction, as well as our knowledge 
of the atmosphere; and further, several questions of detail, such 
as the influence of the temperature of the observing-room, the 
humidity of the atmosphere, etc., seem hardly to have been 
sufficiently investigated. ' ' 

The author makes here no reference to several investigations 
more recent than those of Bessel. 

The stars used in the investigation were taken from Auwers*s 
** Fundamental Catalogue," in order to have a control upon the 
positions deduced, and also to lessen the labor of reduction, by 
using the proper motions there deduced. Polar stars were 
observed, at both upper and lower culmination, in all positions 
from the zenith to the northern horizon. Some stars culminating 
south of the zenith were also observed. In order to concentrate 
all the attention upon zenith-distances, no observations of Right 
Ascension were made. Something over four thousand observa- 
tions were secured, on a list of two hundred and one stars, count- 
ing lower culmination as a separate star. Six hundred and 
fifty-eight culminations at a zenith-distance greater than 80°, and 
two hundred and seventy at a zenith-distance greater than 85°, 
were observed. 

In the eighth article the meteorological data are fully discussed. 
In an investigation of this nature the manner of taking and work- 
ing up the meteorological observations is a matter of the greatest 
importance. The first reduction of the zenith-distance observa- 
tions was made by means of the Radau's tables (** Elssai sur les 
R6fractions Astronomiques,*' Memoires de V Observatoire de 
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Am, t. XIX), which are convenient of application and accurate 
for large zenith-distances. The treatment of the meteorological 
observations was made along lines suggested in this memoir. 

The barometer-readings besides being corrected for tempera- 
ture of the mercury, the change in gravity with the latitude and 
Xh^ height above sea-level, were also corrected for the humidity 
of the atmosphere in the following way. Fizeau and Jamin have 
shown that the index of refraction for moist air is less than that 
of ciry air, and such as would be produced by reducing the 

density in the ratio of i to i — ^ -7-, where ir is the absolute 

wa. tier- vapor tension in millimeters. If the index of refraction of 
dry- air were determined and lay at the foundation of the tables, 
th^n for a vapor- tension of tt the correction to the refraction 
covild be brought about by a correction to the barometer-reading 

0^ — /^ ~6o^* Radau used, however, the index of refraction 
determined by Bessel at Konigsberg under a mean vapor- tension 
of ^nua. hence the barometer- readings require only the cor- 
.^ 6-w- B 

8 760 
The outside temperature was measured by means of a mer- 

ciat-y centigrade thermometer hung in an open metal house out- 

sicie the north window of a room near the meridian-circle room. 

T*hc thermometer stood one meter from the wall and two and 

orie-tenth meters from the ground. Toward the latter part of 

tKe observations an '*Assmann'sches Aspirationsthermometer " (a 

thermometer past which a current of air is continually drawn) 

was used also, but no systematic difference was found between 

its readings and those of the other thermometer. 

The temperature of the observing-room was very carefully 
ta^ken by means of five thermometers suspended near the merid- 
*^^-plane of the instrument. These were always read at the 
^^^e time as the outside thermometer. It was found that the 
southern part of the room was warmer than the northern, which 
*s to be explained probably by the greater heating of the south- 
^"^ walls (stone or brick). An investigation of all the readings 
^^ two years gave the following differences between inside and 



^^tside temperatures, taken in the sense 

Nights 

Mornings — Winter 

** Summer 

Afternoons — Winter 

Summer 



nside minus outside: — 
+ i°.3 

— o .4 
+ I .0 
+ o .4 



\ 
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The differences were least with a strong wind, and greatest in 
calm weather. 

The direction and velocity of wind and wet-bulb thermome- 
ter were also observed. 

Article X is given up to the determination of the latitude and 
its variation. This can be done easily with a meridian- circle by 
observations of polar stars at upper and lower culmination, pro- 
vided the division- errors of the circle have been well determined. 
For the Munich instrument this was done only for the 5° marks; 
and as the errors appeared to be purely accidental, it was impos- 
sible to interpolate for other divisions. A first approximation to 
the latitude was found from the numerous observations of 
a Ursa Minoris and / H Draconis, The final value of the lati- 
tude, however, and its variation were only found after a number 
of approximations in which were used all of the stars which were 
observed at both upper and lower culmination. 

With the value of the latitude and its variation so deduced, a 
table of preliminary declinations was derived from the observed 
zenith-distances. 

The mean errors of the observations are derived in Article 
XII. 

We have considered thus far only preliminary operations, — 
the preparation of the material for the discussion of the questions 
which it was proposed to investigate. The first taken up, Article 
XIII, is the coefficient of expansion of the air and the influence 
of vapor- tension. Some interesting results were derived. 

In Radau's tables, Regnault's value of the coefficient of 
expansion is used, namely: — 

a = — = 0.003663 (for centigrade). 
273 

The following investigation seemed to lead, at first, to a con- 
siderable correction. For this only stars between zenith-distances 
of 60° and 85° north were used, because those of a smaller zenith- 
distance can bring only a minimum consideration to the solution 
of the problem, while those of a large zenith-distance involve 
perturbations of such magnitude as to swallow up any influence 
from small changes of temperature. 

For each star the mean of the four zenith-distances at the 
highest temperature were taken; likewise the mean of the zenith- 
distances at the four lowest temperatures; likewise the mean of 
the temperatures. The differences of temperature are for the 
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most part large, and valuable results should be expected. The 

H differences 2^-2^ are in general but little larger than their mean 

errors, but the greater portion of them are positive, thirty-five 

out of forty-five. The cause of this discrepancy was sought in 

the coefficient of expansion. If 1 -\ is the factor by which the 

coefficient of expansion, 0.003663, is to be multiplied, and if R 
is the refraction for 0° C. and 718°^ barometer, then, neglecting 
terms of the second order, we have observation-equations of the 
following form : — 

(A — 4) 0.003663 — i = 2, — 2, 

Forty- five equations combined by the Methods of Least 

Squares gave 

t= + 3.19 lb 0.91 

^r^ci hence for the coefficient of expansion, — 

0.003663 (i -(- 0.0319) = 0.003780 ±: 0.000033 

This increase of three per cent, seems inadmissible, notwith- 
standing the fact that other investigators have found equally large 
results. For instance, — 

Gylden, 0.003769, Obs. de Poulkova, t. II, p. (16) 
NvRtN, 0.003770, ** ** ** Ser. II, t. I, p. (2) 

Mascart, 0.00382 Ann. d'Ecol. norm., 2. S. VI, 9 

Neglecting the vapor-tension made the differences 2^-2^ 

niore positive.** This emphasized the necessity of taking the 

Vapor- tension into account, and also seemed to indicate that the 

vapor-tension factor had not been correctly computed. As already 

pointed out, Radau used the expression 

^i _ ^ JL\ b instead of B 

where the empirical factor ^ is taken from the experiments of 
'^^Zeau and Jamin, and depends upon the so-called optical 
density of the air. Theoretically, this distinction between optical 
^^d physical density is justified, and the only question is. Is this 
optical density to be used in astronomical observations where the 
^ondi^Qns are essentially different from those of an experiment 
^^ the physical laboratory ? To answer this, the coefficient of v 
^^ computed directly from the observations. This leads us back 
I ^0 the differences z^-z^y because in general the extremes of tem- 
perature correspond to the extremes of vapor-tension. 
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k 
If 5 is the factor to be determined, then the equation is of the 

o 

^^^"^ / \ rt. \ 

O. 12 m (tT, — TTJ (^ — l) = 2', — z^ 

where m means the change of refraction for i"™ of mercury 
pressure (to be taken direct from Radau*s tables). The solu- 
tion of the forty- five equations gave 

k— I = 3.37 ±: 0.69 

The observations then decide in favor of a coefficient of ir, 
which proves that the refraction depends upon the physical density 
of the air. 

This is known, namely: — 

(i -0.3787^) B, or nearly (i - ^^)^ 

The remaining errors bear no systematic relation either in an 
arrangement according to zenith-distance or Right Ascension, 
from which was inferred, that after the introduction of the "new 
coefficient of tt, the observations do not demand a change in the 
adopted value of the coefficie?it of expansion. 

The constant of refraction (Article XIV) was deduced from 
the declinations obtained from upper and lower culminations, 
without reference to the conclusions reached in the preceding 
article. Let 

8 = declination from upper culmination 
5' = ** " lower 

r = refraction for upper 
r' = *' ** lower 

A <^ ri= correction to the latitude employed 
I -j- 7/ — the factor by which the refraction employed 
(Bessel^s constant) is to be multiplied in 
order to satisfy the observations at hand ; 
Then 
sj<s, ^Aj.. ^f upper cul. north of zenith 

Putting — 2 A <^ =r jr, — 100 n =>', then 

upper culmination north of zenith 

south ** •* 



' -^ 100 ( 



From the observation data, weighted observation-equations 
were formed by this formula, for all stars observed at both upper 

and lower culmination. The coefficient — -^- — was taken direct 

100 

from the values of the refraction employed. 
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The solution of these equations gave 

^ = — ^'l91 weight 163.08 \ 

^= + 0.510 ** 1053.92 > I 

[PA A] =140". 18 ) 

The considerable reduction in the value of Bessel's constant 
of refraction, indicated in the large value of ^, must be taken with 
''Vorsichty^ notwithstanding its large weight and the fact that 
other recent investigations have given similar results. An inspec- 
tion of the observation equations showed that if the observations 
are taken only to 76° zenith-distance, no appreciable change 
would result in either the latitude or constant of refraction. Such 
a solution gave: — 

^= - o".047 weight 29.79 

y=-o .028 ** 70.52 \ 11^ 

[P A A] = 48". 90 

The equations below 76° zenith-distance gave 

jr = — o". 575 weight 19. 30 

^' = +0.483 '* 323.28} in 

[P A A] = 67". 87 

It was found impossible to reconcile these last two solutions, 
^rid the inference is that there is some important factor, affecting 
^he observations at large zenith-distances, not yet taken into 
^c^count. It was thought that this discrepancy might lie in the 
w of decrease in the temperature of the atmosphere, by which 
I ndoubtedly the observations below 76° zenith-distance are influ- 
nced, while it is known that the refraction for stars of a smaller 
rnith-distance than 76° is practically the same, no matter what law 
the constitution of the atmosphere is assumed. Radau*s tables 
computed upon Ivory's hypothesis with the factor y= o. 2. 

Ir the true value of/ be taken to be ^ "^ ^ , then the change in 

t:He refraction will be — X <3', in which X can be taken from table 
, Radau, and the observation equations then take the form — 

' -^ 10 ' 

The solution of these equations gave 

X =^ - o".828 weight 126.2 

JV = + 0.527 *• 672.1 

5r=- 0.053 ** 188.6 ^*^- 
[Paa]= i38".65 
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The introduction of z did not materially better the situation; 
moreover, the small value of z shows that no appreciable change 
in y = 0.2, is demanded by the observations. 

It was then thought than an explanation of the discrepancy 
might lie in the fact that at great zenith-distances the star-image 
is drawn out into a spectrum, and we can get from these observa- 
tions an index of refraction for white light, which obtains for stars 
at small zenith-distances, only when a particular part of the 
spectrum is set upon. In order to investigate this, the index of 
refraction was determined from solutions II and III, as follows: — 

The observations were made with a mean barometer 718"" 
and a mean temperature of -}- 5° C.; for these Bessel's constant of 
refraction, which has been used in the tables employed, is 56". 076. 

From II -f" 0.00028 X 56''.o76 = -f- 0.016 
** III — 0.00483 X 56 .076 = — 0.271 

whence we have for the two cases 56''. 092, 55'. 805. These 
quantities, for pressure 760™" and temperature 0° C, are 
60". 46 1 and 60". 149, and the corresponding indices of refraction 

^"^ II. 1.0002933 

III. 1. 0002918 

All these numbers correspond to a vapor- tension of 6"". 
Kayser and Runge, through laboratory investigations, have 
found for the principal Fraunhofer lines (pressure 760"", tem- 
perature 0° C, vapor-tension 6™"). 

A = 1.0002902 
B =^ I 0002908 
C = 1. 0002911 
D — 1. 0002919 
E =^ 1.0002930 
F = 1.0002940 

The value II above lies in the green, while the value III, for 
stars at great zenith-distances, lies between the red and yellow; 
a result to be expected on account of atmospheric absorption. 
The conclusion is that stars culminating at great zenith-distances 
are not suitable for the determination of the constant of refraction. 
Stars to about So^ can be used. Very small zenith-distances 
must also be used: otherwise the separation of jr and jf will be 
impossible. With these assumptions, another solution was made, 

*^ ^^"^ x=- ^ 0.685 weight 58. 79 \ 

y -= - o .442 •* 18 .43 ^ V 

[PAA]-S2.92 ) 
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This is nearly the solution I, and not more satisfactory. 

As far as Bauschinger could see, there was only one other 

possible way of explaining away these discrepancies, and that 

was through the difference in temperature between the observing- 

room and the outside air. This was investigated as follows : — 

From the theory of refraction — 

\L = index of refraction. 

r T= distance of layer from 



„ __ ri^o sin z dfii 

""J I M r r~~ /^ ^ 



t*- ^ J a^ '^ center of Earth. 

Putting = I, we have {R) = tan z C ° - = tan slog. nat. /Xq 

I 
whi ich shows that the refraction depends almost entirely upon the 
condition of the atmosphere in the lowest layer of the air. 
^^iiere is this last layer? /n the observing -room, just, before the 
rays enter the telescope. The inference is that the inside, rather 
than the outside, temperature must be used. This, however, 
C3-rinot be done so easily, because at the limit of the room the 
parallelism of the layers is destroyed. Through the following 
process an approximation can be reached: Conceive two layers, 
one corresponding to the outer temperature, one to the inner. 
■^t the dividing-line between them a new refraction takes place. 
■^^ compute this it is necessary to know the form of the dividing- 
surface. Only when it is a cylinder whose axis is coincident 
^'ith ihe rotation-axis of the instrument would no refraction take 
pla.ce. This in general will not be the case. The limit will cor- 
^^spond to the outline of the observing-room, and we must 
^s^sume that the inner temperature is largely controlled by the 
racJiation of the walls. If we assume this, then there will be two 
^^^^s : one when the rays come in the top opening, the other 
^*^en they enter through the side opening. The upper opening 
^'^ l>e considered parallel to the general layers, and the refrac- 
t'on here will take place according to the same laws as in general. 
^^ ^ and Zq be the zenith-distance of the outer and the meas- 
".''^^ rays ; ^ and /Xq the index of refraction for outer and inner 
^ "y p* and Po the densities ; then we have, according to the law 

Snellius, — 

sin y /x 



•o 



sin^o /x 



I + 2 C Po 

I + 2 i- p' 



or. g in' ^'^ — sin' y ^ 2cp' _ p^ 2c p' ^ ^ a' /i — ?<>^ 
sin'^r^ I + 2rp' p' i-\-2cp \ p' \ 
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where a = — ,— ^ , is the constant of refraction. 

I -{- 2 c p 

If we put further z^ — 2f =^ R^ and 

^/y li\im=^ coefficient of expansion of the air 

^ - -7 = i-f,«/ ^ ^o = inner temperature 

' o ( /' == outer 

then we have, expanding and neglecting second and higher 
powers of R^, — 

'■=(.-54 --»)■('»-'•) 

The part in first brackets is the temperature coefficient, and 
we can thus compute the difference between outside and inside 
refraction. 

For the side- walls the refraction is perpendicular to that just 
considered; and we therefore have 



cos y 



= ^ and in a way similar to that just employed 



cos Z^ fl 

If £- = the true zenith-distance, the quantity ultimately sought, 

2-' = the opponent zenith-distance of the rays at opening of 
shutter, 

R = refraction computed with outside temperature, 

Zq = measured zenith-distance, 

R^ ^ refraction in observing-room given by above formulae; 

then, z = z" + R, 

Zq— z" = R,, or z' = z^ — R^, 

z =z^ + R — R,. 

In the Munich meridian-circle room the dividing line between 
top and side openings is at about 60° zenith-distance, necessarily 
somewhat indeterminate on account of the thickness of the walls. 
After applying the corrections R^, and forming new quantities, 
8-3', a new solution from all stars was made, and gave the follow- 
ing results : — 

x= — i".oi8 weight 119.2 

y= + o .553 •* 603.1 . 

z= + o .033 " 90-5 

[P J J] = III. 18 

Using only stars to 76° zenith-distance, gave 

X = — o".9i2 weight 29.79 

y== + O .445 *' 70.52 } VII. 

[P J J] -54.19 
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A comparison of these two sets shows that there is no longer 
a * * Widerspruch ' ' between the results from small and large zenith- 
distances. The observations to 76° zenith-distance are repre- 
sented through VI just as well as by VII. The [P J J] in the 
two cases being 55". 77 and 54". 19. 

No other way of handling this temperature difference was 
apparent. Finally, then, to obtain the constant of refraction it 
was necessary to bring in the correction for water-vapor, which 
was shown to be necessary. 

The refraction is to be computed with the expression, 

^ + f . ^- B, instead of B. 
8 760 

The factor k was found to be 4.37 =i= 0.69. Instead of this 
value, however, which was not determined with great certainty, 
the value obtained by laboratory methods (namely, ^ = 3) was 
used. 

With the finally corrected values of S-S' a new solution gave; 

All stars : — 

jr = — i".o36 weight 157.86 

J. = -1-0.563 " 999-43 > VIII. 

[P J J] = 140.88 

Stars down to 76° zenith-distance :■ 

X = — o".953 weight 29. 79 ^ jx 



\ 



y = + .491 '* 70.52 

The solution IX differs but little from VIII, and, on account 
of small weight, can be considered identical with it. VIII differs 
but little from VI. Solution VIII was considered final. 

For 718°" (at 0° C.) mercury pressure, + 5° C. temperature, 
and 6"" vapor- tension, Bessel's constant of refraction is, accord- 
ing to Radau's tables, 56".076. This requires now the correc- 
tion 56".076 X 0.00563 = — o".3t5, giving thus 55". 761. This 
gives for 760"° pressure, 0° C. mercury temperature, 0° C. air 
temperature, and 6°"° vapor-tension, 60". 104 db o".o25. The 
corresponding index of refraction for the air is i. 000291 52 ±: 
0.00000012. The correction to the latitude is A<f>=z -j- o."5i8 ±1 
o".056. 

With the corrected value of latitude, the corrected constant of 
refraction, the corrections for refraction in observing-room, and 
humidity of atmosphere, a new table of definitive declinations 
was computed. 

Another investigation of interest, although without theoretical 



226 Publications of the 

foundation, was carried out. It was seen that the large differ- 
ences between upper and lower culmination at great zenith- 
distances would disappear if a temperature about i° higher had 
been used in computing the refraction. The temperature of the 
observing-room was in general about i° higher than outside. 
The refraction was computed direct with the temperature of the 
observing-room, and again the differences 8-8' formed. The 
solution was again carried through, and gave: — 



// 



jr := — o .419 
j= — o .194 



weight 157.86 ) ^ 
" 999 43 \ 



The outstanding errors, both in sign and magnitude, are very 
nearly the same as in VIII, so that this criterion will throw no 
light upon the question as to which is the correct method of pro- 
cedure ; but according to the above theoretical considerations, 
the solution X is to be thrown out. The work is not, however, 
entirely useless, because it shows to what an extent our declin- 
ation systems are dependent upon the manner in which the tem- 
perature is measured. 

Bauschinger here states, as his opinion, with the emphasis 
of italics, that an absolute system of observations to be wholly 
free from objections must be made in the open air. The German 
loses much of its force in translation, and I therefore give the 
original statement. 

*'Meiner Ansicht nach ergibt sich hieraus die Forderung, 
dass v'dllig einwandfreie absolute Systeme ganz in freicr Luft 
beobachiet werden musse7i.'^ 

Another interesting investigation bearing upon the law of the 
decrease of the temperature in the atmosphere was carried out. 

It is sometimes thought that a knowledge of the temperature 
in the upper layers of the atmosphere can be obtained from 
astronomical observations. This is true only to a very limited 
extent. Before this law can be ascertained, one must determine 
with great accuracy many factors which enter into it — chief of 
which are the constant of refraction and its dependence upon the 
part of the spectrum pointed upon, the coefficient of expansion 
of the air, the humidity, and above all the temperature of the 
last layer of air. To separate the effect of each one of these 
factors is considerable of a problem, as Radau's extensive calcu- 
lations have shown. Bauschinger made some observations and 
calculations in the hope of throwing light upon the subject. 
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The observations can be satisfied by many different laws, when 
corresponding changes are made in the constant of refraction. 

Comparison of Ivory*s hypothesis, as used by Radau, and 
Gylden's hypothesis and a combination of the two, leads to the 
following conclusion, namely: that the observations are repre- 
sented equally well by either hypothesis: — 

Ivory's hypothesis gives : t^ — / := 5°.69 h — o*^. 19 h^\ 
Gylden's '* *• /q — /— 5.10/& — o .025 >^'; 

where /q is temperature of lowest layer, / temperature of the layer 
at h kilometers above the ground. 

Meteorological observations in balloons bear directly upon this 
subject. Perhaps in the future such experiments may bring 
valuable results, but thus far they have given little else than an 
extraordinary changeableness in the *'law" of decrease of tem- 
perature, in the layers to about 2""° height. 

Observations were made in Bavaria, at night, by Professors 
SoHNCHE and Finsterwalder. For altitudes between 300 and 
2,000 meters a decrease in temperature, 10° per km. in clear 
summer nights was found. Up to 300" there is often, and always 
at night, an increase in the temperature. 

As far as present evidence goes, it does not seem possible to 
improve on Ivory's hypothesis, up to an altitude of lo*"" at 
least. The difference between actual observed temperatures and 
those given by the hypotheses of Ivory and Gylden follows. 
The highest reading was at 16'"". From 10 to iS*"" Ivory's 
hypothesis falls considerably short. 

At 16'"" Obser. — Ivory = -f 27° 

— Gyl. = — 6 



it ( » 



Gylden's agreement is very good throughout. If these 
observations are confirmed by future experiments, Ivory's hypo- 
thesb must be abandoned, although it will be sufficiently exact to 
zenith-distance of 88°. 

As already mentioned, the temperature on clear nights reaches 
a maximum at some distance above the Earth. From balloon 
observations and observations upon the Eiffel tower in Paris, it 
was found that the increase was^about 2° C, and the maximum 
reached at about 200°. 

It is interesting to know the effect of this condition upon the 
refraction. Radau investigated this through an elegant analysis, 
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which, however, leads to extensive calculations. The problem 
can be successfully handled by mechanical quadratures. 

Consider the atmosphere divided into two parts, at the 
maximum temperature point. Assume the temperature to increase 
proportional to the distance in the first part, and to decrease 
according to Ivory's law in the second part. The refraction in 
the second part can be computed from the ordinary tables, pro- 
vided we know the height of the barometer at the altitude Hy 
the separating line. This is easily found by the formula: — 

H^ 18401.2 \i +27O y^^y) (' + 00026 cos 2 <^j 

1 1 -|- o 0000001 96 b log — I 

where T is mean temperature of the layer, 
P is barometer height at ground, 
/is " '' '• H, 

' * ^ is height of ground above sea-level. 

The refraction in the first part can be computed by 

a fji 






(R) -~f 



tan z 

The whole distance // is divided into layers, of say 10" 
thickness. 

Values of ft for every 10™ were computed, for certain atmos- 
pheric conditions, and then the processes of mechanical quadra- 
ture applied to the integral for certain special values of tan 2. 

The results are as follows: — 

^o 74° 2' 79° 4' 82° 16' 84° 7' 86^ 22' 87° 56' 
(i?) 6".o8 9".oi i2".82 i6".90 27^.44 48^32 

In upper part (from tables): — 

((y?)) y7".o4 4 32".87 6'i8".i5 8' i".74 ii'48".o2 i6'49".55 
y?« 3'i3"i2 4'4i".88 6'3o".97 8'i8".64 I2'i5".46 I7'37".87 

From tables with lower temperature: — 

^n 3't3".o6 4'4i".65 6V.34 8'i7".32 i2'io".38 I7'2i".5i 
y?„-/?,. +o".o6 +o".23 +o".63 + i".32 + 5"o8 + i6".36 

From the values of Ra — Rn it is seen: — 

I. That down to about 80° zenith-distance, the effect on the 
refraction, of the observed temperature inversion, is negligible. 
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It has already been found through other investigations that 
refractions cannot be relied upon below this limit. 

2. That the above values of S — 8' would be still greater, and 
consequently Bessel's refraction constant still more decreased, 
if we should take into account the effect of this inversion of the 
temperature. 

It appears from all these investigations that no condition of 
the atmosphere, consistent with the observed meteorological con- 
ditions, will explain away the differences 8 — 8'. There seems, 
then, no escape from the conclusion that Bessel's constant of 
refraction must be decreased. Several other recent investiga- 
tions lead to the same conclusion. A comparison of its value is 
made with all the previous determinations. 

In the above review I have attempted only once to give an 
exact translation. Throughout, however, I have followed closely 
the author's order of presentation, and in many places have used 
nearly the exact language of the original. 

One who studies the memoir cannot help but to be impressed 
with the thoroughness of the investigation and with the scientific 
attitude of the investigator. Apparently he has spared no labor, 
neglected no detail in his effort to obtain the correct interpreta- 
tion from the data of observation. 

The most important conclusions reached in the investigation 
are as follows: — 

1. In investigations of this nature, and in all meridian-circle 
observations made to determine accurate zenith-distances, the 
manner of observing the temperature is of the utmost impor- 
tance. 

2. The difference between inside and outside temperature 
cannot be neglected. It is apt to be considerable, especially in 
the older form of meridian-circle houses, and is greatest in the 
best observing weather — calm. 

3. The effect upon the refraction of the observed inversion of 
the temperature at night is negligible to a zenith-distance of 80°. 

4. In computing the refraction at the shutters the form of the 
opening must be taken into account. To be entirely free from 
objection, observations for an absolute system should be made in 
the open air. 

5. The humidity of the air must be taken into account in 
correcting the barometer readings. Other recent investigations 
have led to the same conclusion. 



230 Publications of the 

6. The astronomical refraction depends upon the physical 
density of the air, and not, as before assumed, U[X>n the optical 
density. 

7. Granting 6, then the Munich observations do not demand 
a change in the adopted value of the coefficient of expansion of 
air. A result which agrees with other (not all) recent investiga- 
tions, laboratory as well as astronomical. 

8. The Munich observations, as well as others, show the 
necessity of a considerable decrease in Bessel's constant of 
refraction. 



PROGRAMME OF THE INTERNATIONAL GEODETIC 
ASSOCIATION FUR OBSERVING VARIA- 
TIONS OF LATITUDES. 



By Frank Schlesinger. 



The twelfth General Conference of the International Geodetic 
Association was held at Stuttgart, in October, 1898. A plan that 
had been under contemplation for several years for observing 
variations of latitudes was there formally adopted. Since then 
the observations have actually been begun and some of the 
details of the work may not be without interest. 

I. Selection of the Stations. 

The general aim of the association was to establish four 
stations on the same parallel of latitude, as well distributed in 
longitude as possible; to equip these stations with zenith- telescopes 
embodying some modifications that previous experience has 
indicated, and of larger aperture than usually employed; to so 
arrange the programme that all the observations at one station 
could be made by a single observer. It was of course necessary 
that each station should be located where there was a good 
average of clear nights, not only for the whole year, but for each 
season, in order to guard against a long interruption of the obser- 
vations. It was deemed desirable that the character of the 
country should be the same to the north and to the south of each 
station, and that the seismological, hygienic, and social conditions 
should be good. With all these requirements to be considered, 
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it was by no means an easy task to select four suitable sites. After 
discussing many possible combinations of locations, the Central 
Bureau of the association finally fixed upon the following: — 

Longitude 
West of Greenwich. 

Mizusawa, Japan, . — 141° 

Carloforte, Italy, ... — 9° 

Gaithersburg, Maryland, -f- 77° 

Ukiah, California, . . . -)- 1 23^ 

Mizusawa* lies in the valley of the Kitakami River, and has a 
population of ten thousand. The station is half a mile south of the 
city, in latitude 39° 08' 07''. Carloforte has eight thousand inhabit- 
ants, and is the principal city on the small island of San Pietro, 
which lies just west of Sardinia, near its southern extremity. The 
latitude of the station will not differ greatly from 39° 08' 12". 
Gaithersburg is a town of two thousand people, about twenty 
miles northwest of Washington. The station is about half a mile 
from the town, and is in latitude 39° 08' 10". Ukiah is in the valley 
of the Russian River, and has two thousand eight hundred inhabit- 
ants. It is the terminus of a railroad which runs one hundred 
and twelve miles north from San Francisco, and is about thirty 
niiles from the Pacific Coast; the station is a mile south of Ukiah, 
in latitude 39° 08' 09". 

Thus two of the stations are in the United States; and in 
reg-^rd to these, the Superintendent of the United States Coast 
and Geodetic Survey has agreed to undertake the supervision, an 
arr^^ngement which has been of the greatest benefit to the work. 
The four stations established by the association are within a few 
seconds of the same parallel of latitude. By a mere coincidence 
Cincinnati Observatory, which is in longitude 84° west of Green- 
wich, is only a few hundred feet north of this parallel. The 
^""ector of the observatory, Professor J. G. Porter, has volun- 
teered to take part in the programme, an offer which was readily 
accepted by the International Association. Furthermore, the 
Russian Government has also offered to equip and support a sixth 
station at Tschardjui, a city in longitude 64° east, on the River 
Atnu-Daria (or Oxus), and on the required parallel. This 
addition is especially welcome, as otherwise there would be an 
arc of 133^ between Carloforte and Mizusawa unprovided with a 



*The writer is indebted for most of these details to tlie " Bericht uber die Vorbereitun- 
ten filr den intemationalen Pothshendienst," Hblmbrt and Albrbcht, 1898. 
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station. It may be mentioned here that there is some possibility 
of the permanent removal to Tschardjui of the observatory which 
is now at Taschkent. 

The distribution of all six stations is shown in the accompany- 
ing figure, the central line representing the meridian of Greenwich. 




I 



Distribution of the Stations. 



II. The Programme for Observing. 

In arranging the programme for observing, the controlling 
desideratum has been to obtain the most accurate results for the 
variation of latitude solely, and not to attempt to use the observa- 
tions for deducing the value of the constant of aberration. 
Following KiJSTNER's lead, in which he obtained the first con- 
clusive observational evidence of a change in latitude, most other 
latitude observers have also sought to determine the aberration 
constant. Such a plan necessitates a limited number of groups, of 
which one at least must be observed during nearly the whole ol 
the period in which it transits at night. The accuracy of the 
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latitudes is thus lessened for two reasons; first, because 
e periods when only one group can be observed, and, 
the latitude results will be more dependent upon the 
Dpted for the aberration constant. This follows from the 
se that would make such a series of observations valuable 
mining the constant. The Central Bureau of the Associa- 
decided to use no less than twelve groups, each extending 
) hours of Right Ascension. Two consecutive groups 
J observed on each night as follows: — 

P . To be observed Duration of 

'^^ ^' From To Group. Group Connect'n. 

o»»- 2' Sept. 23 — Dec. 6 74 d«y» 

• • • • 35 



2-4 Nov. 2 — Jan. 4 64 



29 



4-6 Dec. 7— Jan. 30 55 _ ; _ ^6 

6-8 Jan. 5 — Feb. 24 51 

8-10 Jan. 31 — Mar. 21 50 ' * * 5 

10 - [2 Feb. 25 — Apr. 15 50 

12-14 Mar. 22 — May 11 51 ^ 

14 - 16 Apr. 16 — June 8 54 « 

t6 - 18 May 12— July 9 59 

18 - 20 June 9 — / ug. 13 66 

20 - 22 July 10 — Sept. 22 75 

22 - 24 Aug. 14 — Nov. I 80 

duration of group-connection * ' is meant the period in 
be same two groups are observed: thus, Groups I and II 
rved together during a period of thirty-five days; Groups 
II during twenty-nine days, etc. It will be noticed that 
?riods are short in the spring and long in the fall. This 
nent was adopted principally for the convenience of 
Tver, as the night's work is thus brought as nearly after 
IS was deemed safe. In midwinter, observing will begin 
; than two and a half hours after sunset, while in mid- 

this minimum interval is reduced to one and a half 

I group contains eight pairs, only six of which, however, 
be used directly in determining the latitude. The two 
ire of very large zenith-distances, and were introduced, 
le suggestion of Professor Helmert, in order to detect 
)us refractions. In the discussion of previous latitude 
tions such anomalies have often been appealed to, in order 
»unt for some puzzling systematic discrepancies in the 
It has happened, for example, that the values of the 
s from all the pairs on a certain night were greater than 
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the true value. Thb result would be brought about if the index 
of refraction were greater to the south of the station than to the 
north. In the present programme such a condition of afTairs will 
Ix revealed in the observations themselves for any single night, 
since there will be four pairs at about 60° zenith-distance while 
the latitude pairs exceed 20° zenith-distance in only three or four 
=:ases in all twelve groups. 

The observing list therefore requires the selection of ninety-six 

suitable pairs, a far greater number than has usually been employed. 

^Nevertheless, it has not been a very difficult task to make the 

election because the instruments are of lai^e enough aperture to 

'ermit the use of stars down to the seventh magnitude; and 

■esides, accurate knowledge of proper motions, or even positions, 

f the stars is by no means necessary in the present case. A proper- 

lotion effect cannot be confused with a variation of latitude, for 

ie latter at any station has its counterpart, or rather its intaglio, 

t a station on the opposite meridian. For example, if the 

'titude of Ukiah should increase, then that of Tschardjui must 

ecrease by practically the same amount, since these two stations 

'ffer nearly 180° in longitude. On the other hand, if the 

'crease in the latitude of Ukiah should be only apparent and due 

' igrnorance of proper motions, then the latitudes of all the other 

ations would be increased by the same amount. The observing 

t as actually constructed is an admirable one. The stars 

ry in magnitude from 4.0 to 7.0. The maximum difference 

zenith-distances is about 16' for the latitude pairs, and only 

^ut 5' for the refraction pairs. The least interval between the 

^sits of any two consecutive stars in the list is four minutes. 

'wing ample time for level readings before and after each 

III. The Zenith -Telescope. 

".ach of the four principal stations has been furnished with an 

iment like that shown in the accompanying drawing. Except 

its larger dimensions and three or four other points, this 

ment does not differ from those formerly employed, but a 

iescription may not be amiss. The instrument rests on the 

leveiing-screws, b, on point, line, and plane bearings. The 

ntal circle has a diameter of eleven inches, and may be read 

ins of two verniers to 10". Upon the circle are mounted 

'ps, k, which, having been set once for all, permit the instru- 

I be reversed 180° in a few seconds. Most of the weight 
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of the movable parts is supported by the adjustable springs, q^ 
provided with friction rollers at/. Thus only a slight pressure is 
exerted upon the wyes, 0, 

The focal length of the telescope b fifty-one inches, though 
the tube is nine inches longer on account of the dew-cap, 8, the 
object-glass being at y. The aperture is four and one quarter 
inches; but the tube is again somewhat larger in diameter, because 
it is double throughout its entire length, with an air-space between 
its two walls. The outer tube is pierced by a double row of ven- 
tilating holes, the idea being to guard against sudden changes of 
temperature and consequent flexure. 

The levels, a, are extremely sensitive; they may be adjusted 
by the opposing screws, sr, and the lengths of the bubbles may be 
regulated without removing either level from its fastenings. The 
vertical circle has a diameter of nine and one half inches, and is 
set by means of the clamp, z/, and the tangent-screw, w\ when, 
however, the required reading has been obtained, the more 
powerful clamp, _y, is applied, and the lower clamp is released. 
There is thus obtained a greater certainty of the constancy of the 
angle between levels and telescope. After the vertical circle is set 
the telescope is clamped at approximately the proper inclination 
by r, and the bubbles are then centered by the tangent-screw, s. 

The eye-end is somewhat complicated. To the rear of the 
eye-piece is a focal scale, not visible in the drawing, i being the 
focus-clamp. The micrometer-head is at ^, and the field is 
centered by the opposite screw, A. The collimation may be adjusted 
by two opp>osing screws, one of which is shown at z/, and the 
inclination of the micrometer-head is also controlled by two 
opposing, of which k is one. The eye-piece itself, 17, contains 
a reversing prism, so that the micrometer thread may be set 
apparently vertical (preferably), no matter what the inclination of 
the telescope may be. Furthermore, an ingenious device has 
been added by which the thread may be apparently reversed 180° 
by simply turning the outer part of the eye-piece fi-om one stop 
to another, which is 90° distant. This outer part of the eye- 
piece is held in place by slight friction with the inner part; the 
latter is in turn held by somewhat greater friction to the telescope 
tube, so that the outer part may be turned without disturbing the 
inner, and either may be moved without changing the focus. The 
method of observing with this eye-piece is to set the outer part 
against one of its stops, then to turn the inner part till the microm- 
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eter thread appears vertical. When the star conies into view, 
two bisections are made before it reaches the middle of the field. 
The outer tube of the eye-piece is then turned against its other 
stop, and two more bisections are made before the star leaves the 
field. The effect is to make the star appear and dbappear in the 
same part of the field, either at the top or at the bottom. From 
even the somewhat limited experience which the writer has had 
with this eye-piece, he is able to state that it constitutes no small 
improvement; not only on account of the greater accuracy which 
comes from holding the head in a comfortable position, but also 
1)ecause personality, in always setting the wire too far to the right, 
say, is thus eliminated from the measurements of each star. 

In order to avoid as much labor as possible in determining the 
^izimuths, coUimation, etc., of the instrument, a meridian-mark is 
txsed. This consists of two targets separated by twice the eccen- 
tricity of the telescope, and mounted on a pier not less than fifty 
^rards distant either to the north or to the south of the zenith- 
Uelescope. One of the targets is placed exactly in the meridian 
of the telescope when the latter is east of the vertical axis, and 
the other is to be in the meridian when the telescope is west. 
Their positions may be verified from time to time by star-transits. 
In order that the targets may be brought into focus without dis- 
turbing the collimation, an auxiliary lens is placed between the 
objective and eye-piece, and as near the latter as practicable. It 
is shunted into the optical axis by means of ft, and works against 
a stop so as always to come to the same place. The position of 
the lens is such as to make the likelihood of a change in collima- 
tion a minimum ; but it should be remarked that this change need 
xiot be small if it remain constant during the short period between 
two consecutive tests of the targets for position. The presence 
of the auxiliary lens has suggested a method for determining the 
progressive and periodic errors of the micrometer-screw, which 
will be tried at Ukiah as soon as opportunity offers. A vertical 
scale may be supported on the meridian- mark pier, with spaces 
between its divisions to correspond with one turn of the microm- 
eter-screw. The progressive errors of the screw and the 
division errors of the scale may then be determined simultane- 
ously by the method variously accredited to Gill, Lorentzen, 
Leman, and Thressin.* The periodic errors may be found by 



* A good exposition of this method has been given by Harold Jacoby, in the Ameri- 
COM /outnal of Science^ for May, 1896. 
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direct readings of a smaller scale, whose errors have first been 
determined by the above method. The writer believes that in 
this way more accurate results can be obtained in a given time 
than by employing circumpolar elongations. Besides, this work 
may be executed in the daytime or on cloudy nights. 

As shown in the picture, the telescope is provided with electric 
illumination for the field, but this may very quickly be changed 
for oil or other illumination. 

The chief constants of the instruments are as follows : Focal 
length, 51 inches; aperture, 4}^ inches; magnifying power, 104; 
one turn of micrometer-screw, 40"; least direct reading of microm- 
eter, o".4; least direct reading of levels, i".o. 

The micrometer- head may thus be read by estimation to o".04, 
and the levels to o". 10. 

The instrument was made by Wanschaff, of Berlin, with 

the optical parts by Zeiss, of Jena, and the levels by Reich el, 

of Berlin. 

IV. The Observatory. 

The following very brief description applies especially to the 
station at Ukiah; but the others are not different in any essential, 
except that perhaps some of the foreign observatories have been 
built of iron. All three* in this country are of wood. 

The zenith-telescope pier is of brick, twenty-three inches 
square, and rests on a brick foundation four feet deep and five 
feet square. The floor and walls of the observatory are supported 
by a brick foundation-wall, which is as deep as the foundation for 
the pier; between the two is an air-space. On the outer edge 
of the foundation- wall rests a high wooden lattice thirteen feet 
square; on the inner edge is the observatory wall proper, leaving 
a well-ventilated space all around the observatory. The roof is 
made double, and is provided with ventilators projecting into the 
open air. The walls of the observatory are also pierced by four 
ventilators, two up high and two down low, so that the interior is 



* The following details concerning the station at Cincinnati are taken from a letter from 
Professor Porter, dated October 17, 1899: " A small observatory, modeled after the plans 
sent from Potsdam, but constructed of wood, was erected on the grounds of the Cincin- 
nati ()bservator>-, ig^.o west and I4'".6 south of the center of the dome. The Superin- 
tendent of the United States Coast and (ieodctic Survey kindly loaned us a zenith-telescope 
for the prosecution of this work. It is one of Wanschaff's instruments, constructed on 
the same general lines as the somewhat larger instruments built for the four main stations. 
The focal length is i"».oo, aperture Si""", magnifying power 100. . . . It was not conven- 
ient to erect a collimator, and the instrumental constants are controlled by observations 
of stars. Practically, however, this gives no trouble, as the instrument is very steady. The 
use of a reversing prism was also found to be impossible with the fainter stars.'* 
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kept dry and at the same temperature as the atmosphere outside. 
The roof of the observatory is in two parts, one of which rolls 
east and the other west, leaving a clear opening of six feet. 
While observing, all other openings are closed, and if the wind 
is blowing too hard, the roof-opening is also contracted. The 
meridian- mark is viewed through a north door. The pier on 
which the mark is mounted is sheathed with tinning and protected 
by a wide lattice structure, so as to guard against warpings from 
the direct rays of the sun. A pendulum -clock, beating seconds, 
a self-registering barometer, and several other minor instruments 
have been provided for each station. 

Ukiah, California, 1899, Nov. 20. 



THE PERSEID RADIANT. 



Bv W. H. S. MoNCK. 



Mr. Denning* s recent paper in the Memoirs of the Royat 
Astronomical Society has, I think, placed beyond doubt that in 
f^e vast majority of cases meteors come from the same radiant point 
3t different seasons of the year. The coincidences are far too 
numerous and too close to be the result of chance. There must, 
S^enerally speaking, be some physical connection between the 
various meteors which Mr. Denning classes together, and the 
duty of the physicist is not to ignore this fact, but to explain it. 
Theoretically, — I mean in accordance with the current theory, — all 
sho>vers which last for more than one night ought to shift. But 
they do not. Mr. Denning mentions but two shifting radiants — 
^^ JLyrids 2^nd the Perseids — and he is doubtful as to whether 
^^ apparent shifting of the former is real. He further points out 
that there is a permanent, or stationary, radiant almost coincident 
with both. This is a significant fact, and throws a difficulty in 
the >^ay of proving the actual shifting. At all events, Mr. Den- 
NiN^O's catalogue justifies the assertion that stationary radiation is 
the rule, and shifting radiation the exception — if indeed there be 
^^y exception. This is the exact opposite of what the current 
theory would lead us to expect; and consequently the current 
theory must, I apprehend, be wrong. 

My main object is, however, to deal with the Perseid radiant, 
^Wch is the stronghold of all who believe in shifting radiants, 



I 
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some of whom seem to me to forget that one swallow does not 
make a summer. Now, I wish to call attention in the first place 
to a peculiarity in this part of the sky. There is scarcely a spot 
in the region of Perseus and the adjoining parts of Cassiopeia^ 
CameloparduSy and Andromeda from which meteors do not come 
to us at various seasons of the year. We seem here to have not 
a number of radiant points, but a radiant area. Most of the 
radiants in this part of Mr. Denning' s catalogue are, moreover, 
ill-defined. Some of the positions are at a considerable distance 
from the assigned center; and there is often no distinct line of 
demarcation between the meteors assigned to two adjacent centers. 
It is easy to prove this without referring to the radiants which 
Mr. Denning refers to the great shifting Perseid shower. The 
R. A. of the forty-four radiants which he describes as **a Cassio- 
peidSy^ with a center at 7°. 1 + 51^9, varies from 0° to 16°, and the 
Declination from + 49° to + 57°. The extremes for the "8 
Cassiopeids,^^ with a center at 19°. 2 + 57°. 7. are R. A. 10° to 26°, 
and Decl. 5 1° to 65°. I need not specify the limits of other radiants 
in this region. They are all of the same description, and their 
classification is evidently to a large extent arbitrary. In the case 
of the two Cassiopeid showers, a radiant at 8° +55° is placed 
under one head, and a radiant at 10^+56° under the other. Both 
were observed in the first half of August. Radiants at 24°+ 50° 
and 22°+49° are classed as belo iging to a center near y Andro- 
meda^ whereas radiants at 20° +50°, 20° + 5 2°, and 24° + 5 2° are 
classed as 8 Cassiopeids. Radiants at 26° + 48° and 25° + 46° 
are referred to the Andromeda center, while one at 28° + 45° is 
described as a '^ Perseid.'' Mr. Denning is himself doubtful 
whether the ''a Perseids'* constitute a distinct shower. The 
■q Perseids include a position at 50°+ 54°, and the *' a Perseids *' 
one at 54^+54°. These '' -q Perseids,'' however, are even more 
closely connected with the "x Perseids," the former containing 
positions at 39° + 57°, and 40^+59°, and the latter at 36°+57°, 
38^+59°, and 38^4-60°. All these centers — two in Cassiopeia, 
one in Andromeda, and three or four in Persetis — are active not 
merely during July and August, but during a great part of the 
year. We have in fact a permanent, or stationary, radiant area in 
which some points seem to be peculiarly active, but no satisfac- 
tory reduction to a definite number of stationary radiants can be 
made. 

It is, then, across this stationary radiant area that Mr. Denning 
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thinks he can trace the path of a shifting shower lasting from 
July nth to August 20th. It is not, I think, contended that 
the meteors belonging to this shifting shower possess any physical 
peculiarity by which they can be recognized. All meteors 
coming from this region of the sky are of the same swift, streaky 
kind. No point on the supposed track of the shifting shower 
becomes active for the first time when that shower reaches it, or 
ceases to be active as soon as the shower has passed over it; nor 
is the surrounding portion of the sky quiescent when the moving 
point is active. All therefore that could be proved is that a 
line can be drawn across this radiant area running nearly due east, 
the various points on which successively attain their maximum 
activity, the daily change in the position of the maximum being 
about i^. The strength of the shifting shower would be measured 
at each point on this line by the excess of the activity on the 
night in question over the normal activity of the same point at 
this season of the year. Has Mr. Denning proved the existence 
of these successive maxima all along his line ? 

It is most convenient to deal with the subject in sections. I 
begin with the period extending from July nth to July 26th, 
inclusive. During these sixteen days Mr. Denning has only 
been able to find seven radiants which he can refer to this shifting 
shower. Two of these seven positions are deduced from obser- 
vations extending over several nights — one from the 8th to the 
13th, and the other from the 22d to the 27th of July. This 
would be a very unsatisfactory course if the radiant were really 
shifting at the rate of 1° in R. A. for each night. He finds no 
position on the 14th, 15th, i6th, 17th, 20th, or 21st of July 
which falls in with the theory of shifting. The initial position at 
ii°4-48° on July nth (rather July 8-1 3th) falls within the 
region of the a Cassiopeids, which is then active. It is deduced 
from ten meteors. But I find an a Cassiopeid position at i i°+5o^ 
deduced from twenty-six meteors from July 21st to August ist, 
and another at the same point from twenty-nine meteors on 
August 9-1 3th; consequently it would appear that this radiant, 
so far from attaining its maximum activity during the period 
July 8- 1 3th, is more active a full month later. Why not. then, 
class this radiant at ii°+48° simply as an a Cassiopeid f It 
would no doubt be so classed if it occurred at any other date. 
The other radiant, which Mr. Denning deduces from several 
days' observations, is at 23°+49° for the period July 22-27th. 
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No one can doubt, I think, that this is a different determination 
of the same radiant as Heis's 24° +50° for July 2 2- 25th, which 
Mr. Denning classes as a *'y Andromedid'^ It might also, 
however, have been referred to the '*8 Cassiopeids,^* which 
yield positions at 24°+ 5 2° and 25°+ 51°, running insensibly 
into the Andromeda radiant, as usually happens in this part of 
the sky. The five remaining determinations rest on a single 
night* s observations. They give i7°+50°for July 1 8th, i9°+5i° 
for July 19th, 25^+52° for July 22d, and also for July 23d, and 
22°+52° for July 25th (where it will be seen that the change of 
3° from its immediate predecessors is in the opposite direction 
from what the shifting theory requires). All five positions lie 
within the limits of the S Cassiopeids, which are active both 
before and after; and as none of them are deduced from more 
than ^v^ meteors, the normal activity of the S Cassiopeids at this 
time of the year seems sufficient to account for them. Up to the 
27th of July there seems to me to be no proof of the existence 
of any shifting radiant in Cassiopeia or Perseus. 

From this date to the middle of August the observations 
become more frequent, but they are still all referable to centers 
of radiation which are active both before and after. A remarka- 
ble instance of this kind meets us at the outset. Mr. Denning 
gives three determinations of the shifting radiant at 32^+53° for 
July 28th, July 30th, and July 31st, respectively. Taking a mean 
between these and certain other radiants observed on the same 
days, a shiftmg appears to result; but it is not the less true that 
meteors reach us from what appears to be a rather sharply defined 
radiant at 32°+ 53° fof four days in succession. Further, on 
turning to the ''B Perseids,'* I find the position 32°+53° set 
down for the period July 25th-August ist. Surely this is merely 
a different observation of the same shower that has been already 
referred to the shifting radiant. The other positions of the shift- 
ing radiant at this period agree closely with those given under the 
h^'dd oi ^'B Perseids,'' **x P^rseids,' and '' r\ Perseids^ lam 
not blaming Mr. Denning for thus mixing up the meteors belong- 
ing to the supposed shifting radiant with others belonging to 
stationary radiants situated in the same part of the sky. This is 
in fact inevitable. Let us suppose that the normal activity of a 
given radiant is represented by three meteors per night,, while 
the effect of the shifting radiant passing over it is to add three 
meteors for the night of passage. The radiant for that night will 
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be determined from six meteors, three of which belong to the 
fixed and three to the movable series. But then the real ques- 
tion in each case will be, Is the normal activity of the radiant 
clearly exceeded at the date assigned to the passing of the shift- 
ing radiant over it? For it is only by means of the addition thus 
made to the normal activity that the existence of the shifting 
shower can be proved at all. 

That the normal activity of the main radiant situaced at about 
44°+56° is largely exceeded on the loth and nth of August 
must be admitted. But I think also that the activity of the various 
positions assigned by Mr. Denning to the shifting radiant 
between the ist and the loth of August is in excess of the normal 
amount at the dates assigned. The statistics on this point are not 
very definite, nor ought the mean of a number of radiants on a 
given night to be used unless all the radiants in that part of the 
sky are taken into account. It would be easy to prove the shift- 
ing by selecting the radiants which agreed with that theory, and 
rejecting those that did not ; but the only legitimate course is 
to consider all the observed radiants, whether favorable or adverse 
to the theory. If ten radiants are observed on the same night 
in the same region of the sky, it is not legitimate to take an 
average of seven and to leave out the other three. This at 
least ought not to be done until the existence and nature of the 
shifting radiant has been placed beyond doubt by an impartial 
examination of all the available observations in that region ; for 
of course, after proving the existence of a shifting shower, we 
might adopt a different course from that which is requisite in 
proving it. 

But after the 12th of August Mr. Denning*s catalogue seems 
to me to be open to objections of the same kind as those which 
apply to the earlier part of it. The radiants described as belong- 
ing to the shifting showers may be equally classed as Camelopar- 
dids^ and there is no evidence that this shower attains its 
maximum activity at the date assigned to the shifting radiant by 
Mr. Denning. Thus a position at 55°+57° on the 15th ot 
August is described as belonging to the shifting Perseid radiant, 
while one from precisely the same point on August 9th and 
another on August 2o-25th are described as belonging to the 
stationary Camelopardid radiant. The former radiant is derived 
from five meteors, and that on the 9th of August from six, so that 
there is no reason for regarding August 15th as the date of maxi- 
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mum activity. A position at 583^°-f-59j^° on August 15th is 
referred to the shifting radiant, but the Camelopardids give posi- 
tions at 58°+58^ for August 8-1 3th, at 59^+60° for August 
i4-i9th, and 6o°-|-59° for August i6th. Some at least of these 
supposed shifting positions appear to be different positions of the 
same Camelopardid radiant, which continues unaltered for at least 
two months. 50°-|"62° is given as a Camelopardid position for 
August 3-1 7th; but within the same limits of date I find among 
the determinations of the shifting radiant 49°-|-62° on August 
13th, and 54^-j-62° and 58°-f-62°, both on August 18th, while 
55°-f"62° occurs on August 21st. In none of these instances 
does there appear to have been any abnormal activity at the time 
that the shifting radiant is supposed to have reached the particu- 
lar points referred to, and the evidence of any shifting radiant 
after August 1 2th seems to me weak. Evidence worthy of the 
name is, I think, limited to about ten days out of the forty ; and 
even as regards these ten days, it is not of a very overwhelming^ 
character. 

I have already noted that it is impossible for an impartial 
student of Mr. Denning' s catalogue to come to any other con- 
clusion than that the meteors which reach us from the same 
radiant at different seasons of the year are physically connected. 
Now there is a permanent, or stationary, radiant just at the point 
from which the great shower on the loth and nth of August 
emanates. This stationary radiant is active both before and after 
the great shower. Mr. Denning (who speaks of these meteors 
as **i7 Perseids'*) gives one determination at 45^+57° for July 
I5th-August 2d, another at the same point for July 25-3 ist, 
and a third at 43°+58° for July 26-3ist. In August I find 
43°+57° on the 3d and 4th, 42°+57° on the 5th, 45''+57'' on 
the 6th, 43°+56" on the 13th, 4o°-f-59° on the 21st, and 45°+ 
57° for the period August 24th-September 14th. Some of these 
are referred to the stationary radiant and others to the shifting 
one; but the net result appears to be that there is a shower from 
the same radiant that is active on August loth and nth for a 
month before and after that date. Are we, then, to suppose that 
this grand shower is physically connected with two meteor-swarms 
totally unlike in their characteristics, one being fixed, while the 
other varies from day to day ? This is not impossible, if the shower 
of August lo-iith is really of a composite character, — part 
belonging to the stationary radiant and part to the shifting radiant, 
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whose position on these two days is almost the same. When the 
velocity of meteors can be determined with greater accuracy than 
at present, we may be able to show that the Pcrseids of August 
10 and nth are divisible into two sets, traveling with different 
velocities, one belonging to the stationary and the other to 
the shifting radiant; and by carrying these observations on 
velocities backwards and forwards, we may be able to analyze 
the earlier and later composite radiants and to segregate the 
stationary from the shifting portion of each observed shower. 
At present, however, we are a long way from any such analy- 
sis ; and if the existence of the shifting radiant be conceded 
(though the evidence for it is not as conclusive as one could 
wish), we are still left in doubt as to the dates on which its 
activity begins and ceases, and even as to the rate of the shifting. 
It is very unscientific to base any theory of meteoric radiation on 
the supposed shifting of the Perseid radiant, while overlooking 
or disregarding the large number of cases in which no shifting 
whatever has been observed, though the shower sometimes lasts 
during the whole year. It is indeed the general acceptance of a 
theory according to which every radiant that continues to be 
active for more than one night ought to shift its position that ren- 
ders it worth while to investigate the supposed shifting of the 
J^erseid radiant at the length that I have done. Here, if nowhere 

^se, observation is supposed to accord with theory. Is the 

accordance even in this one instance real ? The answer is, at all 

events, not free from doubt. 

For convenience of reference, I may note that the shifting 
shower is No. XL in Mr. Denning' s catalogue, while the various 

stationary radiants mixed up with it are Nos. VII, (perhaps VIII), 
:KV, XXI, XXX, XXXII, XXXIX, XLIII (as regards two or 
three determinations), XLVII, L, LV, and to some extent LVI. 
"The track of the shifting radiant seems to me to lie entirely within 
the space covered by some one or other of these stationaries, and 
all of them are active at the date when the shifting radiant is sup- 
posed to overlap them as well as before and after that date. 
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MAXIMA OF CETI h^D OTHER VARIABLES (1899). 



By Rose O'Halloran. 



Whether the increase of light in o Ceti be caused by collision, 
internal explosive power, or some other cosmical crisis, it became 
evident this season that the mysterious agency was withheld from 
demonstrating its fullest effects. During the maxima that occurred 
in 1894-95-96, o Ceii was distinctly brighter than 8 of fourth 
magnitude; in 1897 it was of fully third magnitude; and in 1898 
it formed a conspicuous link in the fragmentary outline named 
The Whale, being second only to fi, now the brightest in the 
constellation. 

The following notes show the rates of increase by which the 
small maximum of the present year was attained: — 

July 7. Brighter than adjacent star of 7-8 magnitude to the 

north; dimmer than 77 Ceii of 6-7 magnitude. 
22. In full moonlight as bright as 6g Ceii. 
30. Slightly brighter than ^9. Faint moonlight. 
Aug. 13. Equal to i Piscium, but redder in tint on a dark sky. 
19. Half a magnitude less than 8. Moonlight. 
22. One fourth less than 8. Full moonlight. 
30. Dimmer than 8. Seen through haze. 
Sept. 5. A half magnitude less than 8 on a dark sky. 
Sept. 14. In light of the half-moon it seems brighter than 8. In 

a few hours when near the meridian after the moon 
had set, o Ceii seemed scarcely equal to 8. It 
was brighter than i Piscium, but much fainter than 
a Piscium, 
26. Very nearly as bright as 8. Dark moonless sky. 
Oct. I. A half magnitude less than 8. No moonlight. 

8. Slightly brighter than i Piscium, No moonlight. 
13. Equal to i Piscium in the light of the gibbous moon. 
17. Equal to i Piscium. Nearly full moon 20° distant. 
21. Less bright than ^ Piscium; brighter than 6g Ceii. 
Gibbous moon 30° distant. 



U Ononis, a reddish variable of the o CeH type, with a period 
of about one year, attained a maximum that made it visible with- 
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out magnifying power on clear dark nights in April last. It is less 
than half a degree east of X^ Orionis. 

Mar. 31. Scarcely as bright as -Y* of 6th magnitude, but brighter 

than the white star one third of a degree west 
of X\ 
April 5, 7, II, 12. Ditto. 

20. Equal to above-mentioned white star. Moonlight. 
28. Less than white star. 
May I. Ditto. It has a hazy appearance different from the 

clear glow at maximum. 
5. It is dimmer than the white star, but brighter than the 
nearest star of 8th magnitude towards the north- 
west. 

A low altitude, sunlight, and cloudy nights hindered further 
observations until the beginning of October, when it was found to 
be of loth magnitude. 

Several observations were obtained of the recently found vari- 
able W LyrcE of irregular period. A maximum was predicted 
for October 13th, but cloudiness and moonlight prevented satis- 
factory comparisons, with the exception of the following: — 

October 3. The variable is of nth magnitude. 

8. Ditto. 

10. Equal to adjacent star of loth magnitude. 

11. It seems slighdy decreased. 
22. It is fully of loth magnitude. 

San Francisco, October 23, 1899. 



PLANETARY PHENOMENA FOR JANUARY AND 

FEBRUARY, 1900. 



By Malcolm McNeill. 



January. 

The Earth is in perihelion on January ist, 11 P. m., P. S. T. 

Mercury is a morning star throughout the month, having 
passed greatest west elongation on December 25th. On January 
ist it rises rather more than an hour and a half before sunrise, 
and the interval is more than an hour until nearly the middle of 



I 
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the month; so that it is in fair position for observation. On 
January 7th it passes close to Saturn^ not quite 1° to the south. 

Venus is an evening star, slowly increasing its apparent 
distance from the Sun. On January ist it sets about two 
hours after sunset, and this interval increases by nearly three 
quarters of an hour during the month, mainly owing to the 
rapid northerly motion in Declination of the planet. It moves 
among the stars from the constellation Capricomus nearly 
through Aquarius^ 27° eastward and 13° northward. 

Mars is too near the Sun to be seen throughout the month, 
and is in conjunction with it on January 15th, changing from an 
evening to a morning star. It will not be at all conspicuous until 
nearly the close of the year, as it approaches its opposition in 
the spring of 1901. 

Jupiter rises about three hours before sunrise on January ist, 
and four and a half hours before on January 31st. It is in the 
constellation Scorpio, and moves about 6° eastward during the 
month. On the morning of January 4th it makes a very close 
approach to the third- magnitude star fi Scorpii, the planet passing 
about 13' south of the star. The time of nearest approach is 
about sunrise on the Pacific Coast. 

Saturn passed conjunction with the Sun on December 17th, 
and by the beginning of the month is just beginning to be visible 
as a morning star. By the end of the month it rises two and 
one half hours before sunrise. It is in the western part of the 
constellation Sagittarius, and moves about 4^ eastward during 
the month. On the morning of January 28th the Moon passes 
just to the north of the planet, and there will be an occultation 
for the region south and east of the United States. 

Uranus rises from two to four hours before sunrise. It is 
about 20° west of Saturn in the constellation Scorpio^ and moves 
slowly eastward. 

Neptune is moving slowly westward near the border line of 
the constellations Taurus and Gemini. 

February. 

Mercury is a morning star at the beginning of the month, too 
near the Sun to be seen. It passes superior conjunction on Feb- 
ruary 9th, becoming an evening star, and moves away from the 
Sun, being well out toward east elongation by the close of the 
month, and setting nearly an hour and a half after sunset. It can 
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probably be seen on a clear evening during the last week of 
the month. 

Venus is an evening star, still slowly increasing its distance 
from the Sun; and on account of its relatively greater northward 
motion in Declination increasing its interval of visibility after 
sunset in still greater measure, until it is more than three hours 
at the close of the month. On the afternoon of February ist it is 
0° 13' south of the fourth-magnitude ^ Aquarii^ and it moves 
rapidly eastward 30° and northward 14° from Aqtiariiis through 
Pisces. 

Mars is a morning star, but remains quite close to the Sun, 
its eastward motion among the stars being only a very little less 
than that of the Sun. 

Jupiter rises about an hour and a half earlier than during 
January, and by the end of the month it comes up at a little 
after i a. m. It is in quadrature with the Sun on February 28th. 
It is in the constellation Scorpio, and moves about 3° eastward 
among the stars. 

Saturn is also a morning star, rising two hours later than 
Jupiter^ and moves eastward among the stars at about the 
same rate, 3° during the month. The Moon approaches the 
planet again very closely on the afternoon of February 24th, but 
the phenomenon occurs during daylight in the United States. 

Uranus is in the neighborhood of Jupiter, 5^ east and 1° 30' 
south, in the constellation Scorpio, It moves about 1° eastward 
during the month, and at the end is only about 3° east o{ Jupiter, 

Neptune remains in about the same position on the border of 
the constellations Taurus and Gemini, 

January-February, 1900. 
Phases of the Moon, P. S. T. 

H. M. 

New Moon, January i, 5 52 a.m. 

First Quarter, January 7, 9 40 p.m. 

Full Moon, January 15, 11 8 a.m. 

Last Quarter, January 23. 3 53 p.m. 

New Moon, January 30, 5 23 p.m. 

First Quarter, February 6, 8 23 a.m. 

Full Moon, February 14, 5 50 a.m. 

Last Quarter, February 22, 8 44 a.m. 

New Moon. February 29, 3 25 a.m. 
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The Sun 


. 








* 






R.A. 


Declination. 


Rises. 




Transits. 


SetsT 




1900 


H. 


M. 







9 


H. M. 




H. 


M. 


H. 


M. 




Jan. I, 


18 


46 




23 


I 


7 27 A. 


M. 


12 


4 P.M. 


4 


41 P. 


M. 


ii» 


19 


30 


— 


21 


50 


7 26 




12 


8 


4 


50 




21, 


20 


13 


— 


19 


56 


7 22 




12 


II 


5 







Feb. I, 


20 


59 


— 


17 


8 


7 13 




12 


14 


5 


15 




II. 


21 


39 


— 


14 


4 


7 2 




12 


14 


5 


26 




21, 


22 


18 


— 


10 


37 


6 50 




12 


14 


5 


38 




Mar. I, 


22 


48 


— 


7 


38 


6 38 




12 


13 P.M. 


5 


48 














Mercury, 














Jan. I, 


17 


15 




22 





5 52 A. 


M. 


10 


33 A.M. 


^ 



14 P. 


M. 


II, 


18 


15 


— 


23 


41 


6 13 




10 


53 


3 


33 




21, 


19 


21 




23 


30 


6 44 




II 


19 


3 


54 




Feb. I, 


20 


37 




20 


40 


7 6 




II 


52 


4 


38 




II, 


21 


46 


— 


15 


31 


7 16 




12 


22 P.M. 


5 


28 




21, 


22 


56 


— 


8 


3 


7 19 




12 


52 


6 


25 




Mar. I , 


23 


46 




I 


9 


7 15 
Venus. 




I 


II 


7 


7 




Jan. I , 


20 


39 


— 


20 


10 


9 9 A. 


M. 


I 


57 PM. 


6 


45 P. 


M. 


II, 


21 


30 
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16 


37 


9 I 




2 


7 


7 


13 




21, 


22 


17 




12 


19 


8 58 




2 


16 


7 


34 




Feb. I , 


23 


8 


— 


6 


58 


8 47 




2 


23 


7 


59 




II, 


23 


52 


— 


I 


48 


8 34 




2 


28 


8 


22 




21, 





38 




3 


26 


8 21 




2 


32 


8 


43 




Mar. I , 


I 


lO 


-4- 

1 


7 


34 


8 9 
Mars, 




2 


35 


9 


I 




Jan. I, 


19 


2 


— 


23 


37 


7 46 A. 


M. 


12 


20 P.M. 


4 


54 P. 


M. 


II, 


19 


36 




22 


37 


7 35 




12 


14 


4 


53 




21, 


20 


9 




21 


12 


7 23 




12 


7 


4 


51 




Feb. I, 


20 


44 




19 


12 


7 8 




noon 


4 


52 




II, 


21 


16 


— 


17 





6 51 




II 


52 A.M. 


4 


53 




21, 


21 


47 


— 


14 


30 


6 33 




II 


43 


4 


53 




Mar. I , 


22 


12 


— 


12 


20 


6 18 




II 


36 


4 


54 














Jupiter, 














Jan. I, 


15 


57 
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19 


37 


4 24 A. 


M. 


9 


15 A.M. 


2 


6 P. 


M. 


Feb. I , 


16 


20 


— 


20 


36 


2 48 




7 


35 


12 


22 




Mar. I , 


16 


33 


^— 


21 


5 


I 14 




5 


59 


10 


44 A. 


M. 
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Jan. I , 


17 


50 


— 


22 


26 


6 29 A.M. 


II 


8 A.M. 


3 


47 P. 


M. 


Feb. I, 


18 


5 




22 


27 


4 41 




9 


20 


I 


59 




Mar. I, 


18 


15 


— 


22 


24 


3 I 




7 


40 


12 


19 
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Jan. I, 
Feb. I, 
Mar. I, 



Jan. I, 
Feb. I, 
Mar. I, 



16 34 
16 40 
16 44 



5 39 
5 36 
5 35 



Uranus, 

21 55 5 II A.M. 

22 8 3 16 
22 14 I 29 



+ 22 

+ 22 
+ 22 



Neptune. 



9 52 A.M. 

7 56 
6 9 



4 3 35 P-M. 10 54 P.M. 
3 I 31 8 50 

4 II 40 A.M. 6 59 



2 33 P.M. 
12 36 
10 49 A.M. 



6 13 A.M. 

4 9 

2 18 



Eclipses of Jupiter* s Satellites, P. S. T. 

(Off left-band limb as seen in an inverting telescope.) 



I, D, Jan. 


4. 


R. M. 

3 24 A.M. 


I, D, Feb. 


3, 


H. M. 

5 37 A.M. 


I. D. 


II. 


5 28 


I, D, 


5. 


12 6 


II. D. 


12, 


3 32 


II, D. 


6, 


12 27 


II, D, 


19. 


6 5 


I, D, 


12, 


I 59 


I. D, 


20. 


I 50 


II, D, 


13. 


3 


III, R, 


23. 


I 19 


II, R, 


13. 


5 18 


I. D, 


27. 


3 43 


I, D, 


19. 


3 52 


III. D, 


30, 


3 47 


II, D. 


20, 


5 32 


III, R, 


30, 


5 17 


I, D, 


26, 


5 46 








I, D. 


28, 


12 14 



NOTICES FROM THE LICK OBSERVATORY.' 



Prepared b 



Members of thb Staff. 



Stars with Variable Velocities in the Line of Sight. 
The eight stars following should be added to the seven pre- 
viously announced by me in these Publications as having variable 
velocities in the line of sight. 

t Libra. 
The variable velocity of this star, detected several months 
ago, is indicated by the following results: — 
1899, April 1 



Mav 


10 


+ 


12 




15 


+ 


7 


lune 


12 




7 




14 


— 


7 




26 


__ 


II 


luly 


I^ 


— 


10 



The period is undetermined, but it seems to exceed three 
'«"^'"- h Dracmis. 

The velocities obtained for this star are: — 
1899, June 26 — 26''°- 
July II —36 
16 ~ 32 



The period remains undetermined. 

\ Andromeda. 
The velocities obtained up to date are: — 

1897, Nov. 16 + re"-"- 

1898, Oct. 18 - 2 

=6 + 13 

1899, July 5 -J- 15 

11 + 3 

12 +2 
16 + 1 

24 + 14 

• Lkk Aalronomlcal Department of the Univenilr of CaHlbniia. 
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These observations are apparently satisfied by a period of 
about twenty days. 

€ Ursas Minoris, 

The velocities observed for this star are as below: — 

1897, May 5 + ^^' 

27 —35 
July 21 — 10 

Aug. 4 +9 

1899, July 31 — 40 

The period remains undetermined. 

<i) Draconis, 
The velocity of this star in the line of sight varies rapidly. 
Four spectrograms give the following results: — 

1899, July 25 + 18^^™- 
Aug. 8 — 45 
9 — 12 

29 — 53 

fi Capricomu 
For this star we have the following observed velocities: — 



1898, Aug. 

1899, May 


15 
15 


- 5 ^' 
42.9 




29 


44.6 




29 


44.4* 


June 


8 


42.4 




14 
26 


42.4 
— 41. 1 


July 


12 


— 403 


Aug. 
Sept. 


24 
12 

15 
4 


— 39-1 

— 37.8 

— 38.6t 

— 35-2 




10 


— 34-5 




25 
26 


— 33- of 

— 33.8 



The period remains undetermined, but is evidently long. 

a Auriga (Capella). 

The spectrum of this star is composite. The component 
whose spectrum is of the solar t3rpe furnished the following 
velocities with reference to the solar system: — 

i 

of the ■ame plate by Mr. Wright. f Measures by Mr. Yf saqwc . ^ 
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1896, Aug. 31 
Sept. 16 
Oct. 3 


h34' 
-54 
-49 


5 
Nov. 12 


-44 
- 4 


1897, Feb. 24 


h 3 



— 


3km. 


— 


31 


— 


28 


— 


18 





2 





10 



On the first photograph the spectrum is of essentially normal 
solar type; on the others it is unmistakably diflferent. There 
appears to be a second component whose spectrum contains the 
Hy line and the rather prominent iron lines. On the plates of 
September i6th, October 3d, and October 5th, these lines are 
shifted toward the violet with reference to the solar-type spec- 
trum; and in the spectra of November 12th and February 24th, 
they are shifted toward the red. 

V Sagittarii, 

To the present time we have secured six spectrograms ol this 
star which give the following velocities: — 

1896, July I 

1899, Aug. 23 

28 

Sept. 5 

12 

19 

These measures may be uncertain to the extent of several 
kilometers, on account of the peculiar and difficult character of 
the spectrum. 

Acknowledgments are due to Mr. Wright for his skillful 
assistance in the observations. W. W. Campbell. 

November, 1899. 

Spectroscopic Binary Stars. 

In No. 60 of these Publications, I gave a short account of the 
spectroscopic binary stars known to exist before January, 1898, 
dividing them into three classes — (i) those known by the peri- 
odic partial eclipse of the bright star by a relatively dark 
companion, that is, the A/goI-type variables; (2) those known by 
the periodic doubling of the lines in the star's spectrum, 
like fi Auriga; and (3) those known by the shifting of the 
spectral lines alternately toward the red and the violet ends of the 
spectrum, as compared with the corresponding lines in the arti- 
ficial spectrum of hydrogen or iron. At that time, the stars of 
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the first class, or A/js^oitype variables, were by far the most 
numerous, numbering fourteen certainly, and sixteen probably, as 
compared with five of the second class and only two (or four, if 
we include 8 Cephei and 17 Aquilas) of the third class. 

In the past two years so many stars have been added to the 
list of known spectroscopic binaries that it seems advisable to 
summarize briefly these additions, especially as the relative num- 
bers in the three classes named have been decidedly changed. 

A notable addition to the list of Algol-typ^ stars has been 
made in the star DM -f- 45° 3062, discovered as variable by 
Madame Ceraski in 1899, in her study of photographic plates 
taken by M. Blajko, assistant in the observatory at Moscow. 
This discovery has been verified by numerous observers and the 
period of 4**. 57 2 determined with accuracy. The remarkable 
feature in this star is the range of variability — the maximum 
brightness being 8.6 magnitude, the minimum only 11.5. 

Two other Algol-\.y\^^ variables have been announced — DM 
-{-12" 3557 • ^ star having a period of only 21** 21", and a range 
of magnitude from 7.0 to 7.5, by Sawyer in 1898; and CPD 
— 41° 1681, a star ranging from 9.5 magnitude to 10.7 in 12.906 
days, by Innes in the present year. So far as I know, these 
have not been verified by other observers. 

No additions have been made to the second class of spectro- 
scopic binaries, if we except Capella (a Auriga), whose binary 
character was discovered by Campbell, by the shifting of the 
spectral lines. Subsequent examination has proved the spectrum 
to be composite, and some of the lines appear double at regular 
intervals. 

It is to the binaries of the third class — systems consisting of 
a bright star and a relatively dark companion whose orbital plane 
is so inclined to the line of sight that no eclipse occurs, and which 
are hence known only by the periodic shifting of the lines of the 
bright star'd spectrum — that the most numerous and important 
additions have been made. Of this class but two were known 
previous to 1898, a Virginis and a Geminorum, In the past 
two years Belopolskv has added two, and Campbell fourteen, 
in addition to the independent discovery of { Geminorum,* which 
is credited to Belopolsky. 



*This •tar, with i C^keimad ^ Aquikr, should perhaps be classed sepatatdy, havfnc 
1 soppoaed to be bioasy ^rstems from the regular charscter of their light varlaaiooa long 
befiDve tha apectioaoope proved tlieir variable velocity in the line of siglit. 
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This list now stands as follows: — 





DiSCOVBRBR i 


^ND 




Star. 


Date. 




Period. 


a Virginis 


VOGKL, 


1890 


4.0134 days. 


8 Cephei 


Belopolsky, 


1894 


5j^ days. 


rj Aquilce 


it 


1895 


73^ days. 


a' Getninorum 


if 


1896 


2.91 days. 


7) Pegasi 


Campbell, 


1898 


2^ years. 


X Draconis 


n 


if 


^Yi months. 


Leonis 


(i 


{{ 


I4j^ days. 


{ Getninorum 


Belopolsky^ 


^1898 


loyi days. 


Ursa Majoris 


i( 


1899 


5 to 7 days. 


i Pegasi 


Campbell, 


1899 


10 4- days. 


Draconis 


t( 




9 + days. 


€ LibrcB 


it 




Unknown — several 
months. 


/3 Capricomi 


({ 




Unknown — long. 


h Draconis 


It 




Unknown. 


X AndromedcB 


(t 




20 days -»- 


c Ursa Minoris 


«t 




Several weeks. 


<i> Draconis 


ti 




Unknown. 


a Ursa Minoris ( Po/aris) 


<t 




3^ 23*^ ± 


a Auriga (Capella) 


<< 




35^ months. 


V SagHtarii 


tt 




Several weeks. 



Of the spectroscopic binaries known before 1898, only one 
had a period exceeding ten days, viz. : £ Ursa Majoris^ which 
completes a revolution in about fifty-two days. But of those 
found recently, several have periods of a number of months, and 
one — 11 Pegasi — a period of two and one-quarter years. There 
is, therefore, no longer a gap in this respect between the spectro- 
scopic binaries and those known visually. It is also of interest to 
note that the proportion of known spectroscopic binaries to the 



* In January, 1899, Professor Campbell found that the velocity of i Gemmorum in the 
line of siffht was variable, and announced his discovery in the Astrop^stcal Journal^ (vol. 
IX, p. 86). This announcement called forth a note by Professor Bblopolsky in Astrono" 
mische Nachrichten (3565), in which he stated that he had anticipated this discovery by a 
3rear, and had made a statement concerning it at a meeting of the Russian Astrooomical 
Society In February, 1898. Campbbll's discovery was, however, entirely independent, as 
no notice of Bblopolsky's investigations had been published, so (ar as known here. 
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stars whose velocities in the line of sight have been well deter- 
mined indicates that these systems are at least as numerous as 
visual binaries. R. G. Aitken. 

November, 1899. 

Comet e, 1899 (Giacobini). 

This comet was discovered by M. Giacobini, at Nice, on 

September 29th, y*' 30" Gr. M. T., in a 16*' 26° 32', 8 — 5° lo'- 

It was moving slowly east and north. From the Konigsberg 

observation of October ist and my own of October 7th and i6th, 

I have computed the following system of parabolic elements: — 

T = 1899 Sept. 15.0430 G. M. T. 

^= 10° 51' 55".9) 

0= 272 12 32 .1 >- 1899.0 

i = 76 55 18 .8) 
log ^=0.251754 

These elements gave residuals for the middle place as follows- 

Obs. - Comp : A X' cos fi' + 8". 9 

Ap' + I .8 

On December ist the comet's position will be 

a 18'^ 6" 8 -f 12° 32' 
It will still continue to move northeast. 

At the time of discovery the comet was faint, being estimated 
at loj^ or II magnitude on October 2d. It was i' in diameter, 
and had a faint nucleus. On December ist its theoretical bright- 
ness will be 0.47, that at discovery. It has faded gradually. 
The last observation was secured on November 23d, when it was 
estimated at thirteenth magnitude. On that date the deviation 
from the above orbit was 

Obs. - Comp: a — 3' 

8 — o'.4 

This is the third comet discovered by M. Giacobini. 

Mt. Hamilton, November 28, 1899. C D. Perrine. 

Tempel's, Comet. 

This comet was last observed on November 2 2d. It was then 
about J^ ' in diameter and of fourteenth magnitude. 

Holmes's Comet. 

The last observation of this comet was secured on November 
6th. It was estimated as fifteenth magnitude. 

Mt. Hamilton, November 28, 1899. C D. Perrine. 
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Observations of the Leonids at the Lick Observatory. 

During the whole period of the apparition of the Leonids^ 
stormy or cloudy weather prevailed at ML Hamilton, so that 
no observations of value could be made. The sky was, however, 
seen occasionally. On November 13th (astronomical reckoning) 
the sky cleared suddenly at 16*" 30", and a watch was kept until 
dawn. Ten Leonids were counted in one hour. Two of these 
were fine meteors, brighter than the average first-magnitude star. 
On November 15th, after I2^ the sky was seen at intervals through 
rifts in the dense fog which surrounded the summit of the moun- 
tain. One or two meteors, apparently Leonids, were seen, but 
it was evident that nothing like a considerable shower was in 
progress. On the succeeding nights there were dense fogs and 
heavy rains. 

From these few observations, and others made at more 
favored places in the State, it would seem that the display of 
meteors in this part of the world was no greater in 1899 than in 
an ordinary year. J. E. K. 

Astronomical Telegrams. 

( Translations. ) 

Cambridge, Mass., Oct. 2, 1899. 
(Received 7:15 p.m.) 
To Professor J. E. Keeler, Lick Observatory: 

Kiel cables that Comet ^* was observed by Cohn at Konigs - 
berg on Oct. 1.2767 G. M. T.; in R. A. 16*" 31" oV7; Decl. 
— 4° 39' 50". (Signed) E. C. Pickering. 

Lick Observatory, Oct 3, 1899. 

To Harvard College Observatory: } ,g^^^ ^^.^^ ^ ^ . 
To Students* Observatory, Berkeley: S ^ * ' '' 

Comet Giacobini was observed by Perrine on Oct. 2.6758 

G. M. T.; in R. A. i6»^ 32- 59'. 7; Decl. - 4° 12' 18". 

Lick Observatory, Oct. 4, 1899. 
To Students' Observatory, Berkeley: (Sent 10:25 a.m.) 

Comet Giacobini was observed by Perrine on Oct. 3.6378 
G. M. T.; in R. A. i6»^ 34" 22'. i; DecL - 3° 53' 35". 



* For some reason, the telegram announcing M. GiACOBmrs discovery did not reach 
the Lick Observatory. The first information of the comet's existence was obtained from 
the notice in the daily papers. 
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Lick Observatory, Oct. 4, 1899. 
To Students' Observatory, Berkeley: (Sent 9:32 p.m.) 

Comet Giacobini was observed by Perrine on Oct. 4.6292 
G. M. T. ; in R. A. i6»^ 35- 46'. 7; Decl. — 3° 34' 40". 

Lick Observatory, Oct. 21, 1899. 
To Harvard College Observatory: (Sent 12:11 p. m.) 

Elements and ephemeris [here omitted] of Comet e were com- 
puted by Perrine as follows: — 

T = Sept. 15.04 G. M. T. 

<u = 10° 52' ^ 

= 272 13 y Equinox of 1899.0 

i--= 76 55 ) 
q = 1.7854 

Errata in Star Catalogues. 

At various times I have noted the following errata in star 
catalogues: — 

Weisse's Bessel's Zones + 15° to — 15°: — 

23^964. For —0° 11' 4'^8, read — o 10' 4".8. 

Argelander's Durchmusterung: (Bonner Beob. III). 
Heading, page 169. For -f- 6°, read -f- 7° 
DM -f~ 10^26 is indicated as given in Bonner Beob. VL 
It is DM -)- 10° 27 that is given in this volume. 

Schur's Gottingen Catalogue: — 

No. 16. /brDM+9°38, read -^cf%. 

5602. ** +6^5757 " -^"^51 51 

2121. '' 7" '* S** 

Ball's Vienna Ottakring Zones: — 

Zone 74, DM — 6^5600. For 20'* 44" i8'.78, read 20'* 45" i8'.78. 
Zones 4 and no. " — 6°i554, ** — 6° 1564 

Zones no and 232. " — 6° 1560, *' — 6° 1570 

Romberg's Pulkowa Catalogue: — 

No. 1803. For + 32° etc.. read 33° etc. 
No. 4120. *• 02325, ** 02525. 

No. 4617. '* 22707, '* 22704. 

Deichmuller's Bonn A. G. Catalogue:— 

No. 202. The proper motion in Right Ascension of this 
star is given -j- o". 022. In Auwers's Bradley it is 
given -|- o".oo22. The latter value is also given by 
Romberg, probably taken from Auwers. 

W. J. HUSSEY. 
Mt. Hamilton, November 24, 1899. 



GENERAL NOTES. 



The Committee on Publication has decided to conduct a new department in the Publi- 
cations under the title given above. Manv notes of a general character have appeared in 
the Notices from the Lick Observatory, but hereader notices in that department will be 
confined to accounts or results of investigations beini^ carried on in that institution. Mem- 
bers and friends of the Society are invited to aid the committee in carrying out the work 
of this new department. Communications of general interest will be ^ladl^' received and 
may be sent to Sidnev D. Townlkv, 2023 Bancroft Way, Berkeley, Cahfornia. 



Through the courtesy of Professor A. O. Leuschner, of the 
University of California, we are able to reproduce as our frontis- 
piece, a photograph of the new observatory at Potsdam. The 
building contains the new refractor, the object-glasses of which 
were cast by Schott in Jena, and ground by C A. Steinheil 
Sons in Munich. The photographic objective has an aperture of 
80*"° (31.5 inches) and focal length of 12 meters, while the visual 
has an aperture of 50*"° and focal length of 12]^ meters. The 
mounting was made by A. Repsold & Sons. The instrument 
is to be used principally for the determination of radial velocities 
of the stars. The dedication of the new observatory was held, 
amid elaborate ceremonies attended by the Emperor, on the 26th 
of August of the present year. 



The Scientific American for November 4, 1899, contains an 
illustrated article on the great telescope being constructed for the 
Paris Exposition. The objective is 4.1 feet in diameter, and 
weighs 1,295 pounds. A photographic objective of the same size 
has also been made. The discs were cast by Mantois and the 
grinding was done by Gautier. The telescope tube, 197 feet in 
length, is to be mounted in a stationary horizontal position, and 
the light is to be reflected into the objective by means of a huge 
plane-mirror to be driven by clockwork. The mirror is 6. 56 feet 
in diameter, 10.63 inches thick, and weighs 7,920 pounds. The 
glass was cast at the Jenmont Works, and one of sufficient size 
was obtained only after several trials. The grinding and polish- 
ing consumed ten months. The operation is a most delicate one 
on account of the heat produced in the process. The mirror and 
its mounting weigh 99,000 pounds, and a weight of 220 pounds 
is necessary to run the clock. 



The number of students in the astronomical courses at the 
University of California has increased so largely that it has become 
necessary to build an addition to the Students* Observatory. This 
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will be a lecture-room, with a rising floor and a seating capacity 
of 135. The total enrollment in the astronomical courses this 
semester is 137, representing 109 different students, of whom 
eight are graduate students. 

In a short article on the transit-micrometer, in No. 470 of the 
Astronomical Journal^ Mr. A. S. Flint, of the Washburn 
Observatory, remarks as follows: **The performance of this 
transit-micrometer in general has been very satisfactory. As 
shown by the experience of European observers, this device 
reduces the differences of personal equation between observers to 
a small fraction of their value under the old method, and it is 
expected that it will also avoid practically variations of personal 
equation in the same observer." It is to be hoped that this sim- 
ple and practical device may soon be universally adopted for 
meridian-circle work; for there is scarcely any longer a doubt that 
it almost eliminates the personal equation, which has always been 
such a troublesome factor in meridian-circle observations. 



In the November number of Popular Astronomy^ Professor 
Frank H. Bigelow contributes an article under the title, 
** Result of the Observations of the VVeather Bureau for the 
Probable Cloudiness of the Sky along the Path of the Total 
Eclipse of the Sun, May 28, 1900." Observations of the general 
cloudiness and clouds in the neighborhood of the Sun were carried 
out by the Weather Bureau at various stations along the path of 
totality, from May 15th to June 15th, during the years 18^7, 
1898, and 1899. The result of the observations is that the 
cloudiness is least in Georgia and Eastern Alabama, increasing in 
either direction, and greater on the Atlantic Coast than in the 
region of the Gulf of Mexico. A detailed statement of the con- 
ditions existing at the various cities and villages is also given. 

The article closes with the following statement: **The Chief 
of the Weather Bureau sent a circular letter to a number of towns 
located near the central line, requesting replies to several ques- 
tions of interest to astronomers, in order that such practical 
information might be furnished them regarding the locality as 
would assist in deciding upon the best sites. The questions con- 
cern the latitude, longitude, altitude, population, accommoda- 
tions, railroads, topography, eastern horizon, wind, and drift of 
smoke, and suggestions regarding good sites accessible to heavy 
bs^gage. The replies of thirty-seven places are summarized in 
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the report of the Weather Bureau for 1899, to which those inter- 
ested are referred. The astronomers of the United States and 
foreign countries will appreciate the assistance which so many 
volunteer observers have cheerfully rendered in making this survey 
as complete as possible. ' ' 

The library of the Society has recently received a copy of the 
Indian Eclipse, 1898^ being a report of the expeditions organized 
by the British Astronomical Association to observe the total solar 
eclipse of 1898, January 2 2d, edited by E. Walter Maunder, 
F. R. A. S. The book is profusely illustrated with cuts of superior 
excellence. Several reproductions of photographs of the corona 
and spectra are given, but the majority of the cuts are of observ- 
ing-stations, instruments, drawings of corona, and a variety of 
Indian scenes. Among the cuts are two of Professor Campbell's 
station at Jeur. ** The Lick camp was conspicuous by the long 
forty-foot telescope, which, with its end planted in a pit some 
eight feet deep, shot up into the air above the tree tops. A 
marked feature, too, was the Stars and Stripes, which, supported 
by the Union Jack, very appropriately floated above the chupper 
roof of their banqueting-hall. It was a sign of good feeling and 
comradeship which characterized the whole intercourse between 
the camps. In the shadow of the gigantic tube, and looking 
quite dwarfed beside it, were the Professor's other instruments for 
spectrum photographs and smaller coronal images. The great 
telescope gave a disc of nearly five inches in diameter, the largest 
obtained in the camp. But it is interesting to note that the 
astronomers were not too proud to use the humbler and smaller 
every-day camera for snap-shots — all were pressed into service.'* 
A description is given also of Professor Burckh alter' s equip- 
ment. On page 50 is the following: **Our American friends 
rather astonished the natives, for there was nothing they could not 
do, and did not do, with their own hands — from driving a screw 
or sawing a plank to the most delicate adjustments of their instru- 
ments. Visitors might have passed them by at their work in 
looking for more presentable professors. Having brought their 
own tools and implements, they were certainly independent of 
the village carpenter. " It is barely possible also that the natives 
were not the only surprised ones. 

In the last chapter a summary of results and suggestions for 
future work are given. 
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SUMMARY OP RESULTS. 

1. The spectrum of the '* Flash '* has been successfully photographed 

on five plates. 

2. A new region of the ''Flash*' spectrum has been explored and 

mapped. 

3. The bright line spectrum of hydrogen has been followed in the 

chromosphere to the thirtieth point of the series, and the wave- 
lengths are shown to agree closely with Balmbr's formula. 

4. The correction to the received wave-length of the "coronium ** line 

detected by Mr. Fowler has been confirmed. 

5. The distribution of " coronium ** in the corona has been examined. 

6. Several drawings of the corona 'as seen by the unaided eye have 

been made. 

7. The variation of the form of the corona with the sun-spot cycle has 

been further illustrated. 

8. Twenty-eight photographs of the corona have been taken. 

9. These include several showing the coronal rays to a greater distance 

from the Sun than they have ever been photographed before. 

10. And cast fresh light upon their structure. 

11. Beside restoring the credit of many old drawings of eclipses, which 

had been supposed untrustworthy because of their want of resem- 
blance to the photographs. 

12. The wide range of exposures employed furnishes a most valuable 

guide as to the exposures to be employed in future eclipses. 

13. The corona has been definitely photographed during the partial 

phase. 

14. In several different and independent ways a measure has been 

obtained of the total illumination given by the corona. 

The suggestions for work in future eclipses are given under 
the following headings: Drawings of the Corona; Spectroscopic 
Observations; Proper Exposures for Photographs of the Corona; 
Photographs during the Partial Phase; Determination of the 
Brightness of the Corona. 

The suggestions there made are well worth the consideration 
of persons who expect to observe the eclipse next May. 



The Board of Visitors to the United States Naval Observa- 
tory appointed by Secretary Long last spring met at the 
Observatory in Washington on June 30, 1899, ^^^ submitted their 
report on October 2d. The members of the Board were: the 
Hon. William E. Chandler, the Hon. Alston G. Dayton, 
and Professors Edward C. Pickering, George C. Comstock, 
and George E. Hale. 

The report is divided into eight sections, as follows: — 
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I. Recommendation of the Board of Visitors. 

II. Circumstances leading to the appointment of the Board of Vis- 
itors. 

III. Cost of the Observatory. 

IV. Comparison with other observatories. 

V. Present condition and methods of observatory work and the 

delay in printing its results. 
VI. Historical sketch of the Observatory. 
VII. Minutes of the proceedings of the Board of Visitors. 
VIII. Appendix. 

Section I was printed in full in the November numbers of 
Popular Astronomy and the Astrophysical Journal, Its essen- 
tial points are given in the following extracts. Sections II, III, 
and IV, which we print below, were kindly communicated by one 
of the members of the Board of Visitors. 

RECOMMENDATIONS OF THE BOARD OF VISITORS. 

. . . **The Naval Observatory, which was originally established 
as a scientific bureau, auxiliary to the needs of the naval service, has 
become through half a century of growth, and through the expenditure 
of large sums of money, as authorized by law, an astronomical observa- 
tory of the first rank in respect of buildings, instruments, and equipment. 
But by far the larger and more valuable part of its equipment has little 
or no reference to any direct requirement of the naval service, and its 
existence can be justified only on the ground that Congress has intended 
to establish and maintain a national astronomical observatory. Under 
these changed circumstances its continued connection with the Navy 
Department has seemed to many of those whose views have been sub- 
mitted to the Board of Visitors, illogical and undesirable. In view, 
however, of the absence of a national university, a department of 
science and industries, or other department or bureau of the Govern- 
ment especially suited to the conduct of such scientific work, and in view 
of the diversity of opinion among American astronomers upon the 
question to which existing department the observatory could be wisely 
transferred, we believe it to be inexpedient for us at the present time to 
further consider the subject of such transfer. . . . 

'* If the observatory, as a shore station charged with the performance 
of certain functions assumed to have a relation to the navy, is to con- 
tinue under the command of a line officer, we recommend that the 
astronomical staff of the Naval Observatory shall consist of an astro- 
nomical director, four astronomers, three assistant astronomers, and 
such computers and other minor officers as may be provided by law. 
The astronomical director and astronomers, whether professors of 
mathematics or taken from civil life, and the assistant astronomers, 
should be appointed by the President, by and with the advice and con- 
sent of the Senate, to hold their offices until their successors are 
appointed. 

**The Nautical Almanac office, which was formerly a distinct bureau, 
is now administered by departmental regulation as a part of the Naval 
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Observatory, and it appears from the evidence submitted to the Board 
of Visitors, that a successful administration of the observatory is much 
impeded by reason of imposing upon its astronomical director the duties 
of director of the Nautical Almanac. Each of these offices furnish 
abundant employment for the entire time of an able astronomer, and 
we therefore recommend that there shall be a director of the Nautical 
Almanac appointed by the President, by and with the advice and consent 
of the Senate, to hold office until his successor is appointed. . . . 

•* There shall be appointed by the President, from persons not officers 
of the United States, a board of nine visitors to the Naval Observatory, 
six to be astronomers of high professional standing, and three to be 
eminent citizens of the United States. Appointments to this board shall 
be made for periods of three years, but provisions shall be made by 
initial appointments for shorter terms, so that two astronomers and one 
member of the board not an astronomer shall retire in each year. Mem- 
bers of this board shall serve without compensation, but the Secretary of 
the Navy shall pay the actual expenses necessarily incurred by members 
of the board in the discharge of such duties as are assigned them by the 
Secretary of the Navy, or are otherwise imposed upon them. . . . 

** If astronomers are appointed to the Naval Observatory from civil 
life to succeed retiring professors of mathematics, the salaries provided 
should be sufficient, as recommended by you in that report of 1897, *to 
make up for the refusal to them of the privilege of retirement, and also 
to secure men of high scientific attainments adequate to the demands 
of one of the most capable observatories of the world.* To secure the 
services of the ablest astronomers the salaries provided should be 
slightly larger than those paid in the higher class of university observa- 
tories, and account should be taken of the fact that university vacations 
are much longer than leaves of absence from public service. The 
Board of Visitors recommends the following as a schedule of salaries 
whioh could be expected to attract astronomers of the class desired: 
Astronomical director, (6,000 ; director of Nautical Almanac, |5,ooo ; 
first astronomer, |4.coo ; second astronomer, $3,600; third astronomer, 
|3,2oo; fourth astronomer, $2,800 ; first assistant astronomer, $2,400 ; 
second assistant astronomer, $2,200; third assistant astronomer, $2,000. 

"The experience of every great observatory shows that the efficiency 
of its staff is materially increased by the provision of quarters near the 
observing-room for those persons who are engaged in work by night, 
and we recommend that there should be quarters provided upon the 
observatoo' grounds for all members of the astronomical staff regu- 
larly assigned to night work. 

" In concluding its recommendations, the Board of Visitors wishes 
earnestly to urge upon your consideration the necessity of making a 
success of the movement which you have begun in order to improve the 
condition of the Naval Observatory and to make its administration satis- 
factory to the great body of astronomers, of the country and to the 
public. 

"Some of our recommendations, if they meet your approval, can be 
carried into effect by departmental action ; but the changes which we 
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regard as vital can only be obtained through legislation by Congress. 
If such legislation is withheld, the continuance of present conditions is 
sure to result in a renewed, persistent, and possibly acrimonious demand 
for the removal of the observatory from naval command. If, however, 
the legislation is enacted, and the improved system is given a fair trial, 
unquestionably much improvement will result, and it is not improbable 
that the observatory will attain and hold that high standing in the scien- 
tific world which should be required of such an institution." . . . 

REPORT OF COMMITTEE OF ASTROPHVSICAL CONFERENCE. 

"At the Harvard Astronomical Conference, held in Cambridge, on 
August i8, 1898, the undersigned were appointed a committee to con- 
sider what changes, if any, were advisable in the organization of the 
United States Naval Observatory. A circular was sent to the principal 
astronomers in the United States, asking six questions regarding means 
of increasing its astronomical efficiency. Sixty-one replies were received, 
with the following approximate results, doubtful answers being counted 
as one half: 

1. A change in organization is recommended. ^\ to 2. 

2. The entire direction of the observatory should be intrusted to an astronomer. 

54103- 

3. Transfer of the observatory to some other department of the Government. 19 

to 19. 

4. Separation from the observatory of various branches, such as the testing of nautical 

instruments. 26 to 24, 

5. Tenure of office and advancement should depend on scientific efficiency, rather 

than upon age or length of service. 50 to 2. 

6. A Visiting Committee should be appointed. 43 to 6. 

*'It therefore appears that opinion is nearly equally divided whether 
a portion or the whole of the observatory should be transferred to some 
other department, but is nearly unanimous in favor of changing the 
present organization, of intrusting the entire direction to an astronomer, 
of making advancement depend on scientific efficiency, and of appoint- 
ing a Visiting Committee. To be efficient this committee should have 
power to act, and should consist of experts who would serve without 
pay. 

*• In March, 1899, the Secretary of the Navy decided to create the 
present Board of Visitors to the Naval Observatory. 

"Cost of Observatory. — The financial condition of the observa- 
tory is shown in the Appendix, Exhibit H, which gives the total cost of 
grounds and buildings to July i, 1899, to be 1^73,200; estimated value 
of the grounds, buildings, and instruments, $856,547.35; annual ap- 
propriations for the year ending June 30, 1899, ISi»i6o; and annual 
appropriations for grounds and roads for the same year, |i 1,200. To 
the current expenses of |5r,ooo should be added several items, really 
paid for by the Government but not included in the above appropriations. 
Their amounts will vary from year to year, and can only be estimated 
approximately. They include, — 

"First, the salaries of the Superintendent and other line officers 
detailed for duty at the observatory; estimated amount, |6,ooo. 
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''Second, salaries of professors of mathematics. There are now 
five of these at the observatory besides one temporarily ordered to the 
Bureau of Yards and Docks; estimated amount, $15,000. 

"Third, retired pay of professors of mathematics who served as 
astronomers; estimated amount, $10,000. 

** Fourth, cost of printing publications; estimated amount, $3,000. 

"According to these estimates, the total annual cost to the Govern- 
ment exceeds $85,000, not including expenditures for the Nautical 
Almanac. In any plan for reorganization the sum of $85,000 annually 
should therefore be assumed as that available, unless it is the intention 
of Congress to reduce the expenses rather than to increase the amount 
of useful work accomplished. 

"Comparison with Other Observatories. — From a comparison 
of the resources of the Naval Observatory with those of the principal 
observatories of the world, it appears that the observatories having the 
largest annual incomes are as follows: Naval Observatory, $85,000; 
Paris,, $53,000; Greenwich, $49,000; Harvard, $46,000; Pulkowa, $46,000; 
Cape of Good Hope, $33,000. The resources of some of the richest pri- 
vate observatories are not published, but it is probable that none of 
them would exceed those of the Cape Observatory. The incomes of 
the greater portion of the observatories of the world, both public and 
private, are far less than those mentioned above. 

"The work of the Greenwich Observatory may fairly be compared 
with that of the Naval Observatory, since both institutions are supposed 
to cover nearly the same field. It might well be asked whether the 
Naval Observatory, with much greater resources than the Greenwich 
Observatory, furnishes contributions to astronomy of equal value. 

"The conditions for scientific work in Europe are, however, so 
different from those in America that it is more instructive to compare 
the details of organization with those of an American observatory. The 
Harvard Observatory is selected for three reasons: First, both institu- 
tions undertake large pieces of routine work which are beyond the 
reach of the smaller observatories. In this respect they differ from the 
other American observatories, whose officers are mainly specialists en- 
gaged in individual research. Secondly, the resources of the Harvard 
Observatory approach more nearly than do any other those of the Naval 
Observatory. Thirdly, all details of the Harvard work are readily 
available. 

* ' Grounds, — The Naval Observatory grounds cover seventy acres, val- 
ued, with the improvement made of the grounds, at $66,000. The Har- 
vard Observatory grounds cover seven acres, having an estimated value 
of f 50,000. These last grounds are too small and too near thickly settled 
portions of the city. The climates of Washington and Cambridge are not 
suitable for astronomical observations of the highest grade. Harvard has 
established a secondary station in Arequipa, Peru, at a height of 8,000 
feet« selected after careful study as the location in which the atmospheric 
conditions are more favorable than had been found in any other part of 
the world. Six meteorological stations, extending from the sea-level to 
a height of 19,200 feet are associated with it. The observatory is also 
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closely related with the Blue Hill Meteorological Observatory, which is not 
included in the present discussion. 

'^Buildings. — The buildings of the Naval Observatory are valued at 
$457,512.83; those at Cambridge, at |52,ooo; and those at Arequipa, at 
Ji2,ooo. The Harvard buildings are very inadequate, and for the most 
part are not fire-proof. 

*' Instruments.— The principal instruments at the Naval Observatory 
are the twenty-six-inch equatorial telescope, the twelve-inch equatorial 
telescope, the nine-inch transit-circle, the six-inch transit-circle, the five- 
inch altazimuth, and the prime vertical transit instrument. In general, 
the work done with these instruments does not differ from that done else- 
where. The nine-inch transit-circle is not now in use, but in the past it 
has done useful work, including the observation of one of the international 
zones. The principal Harvard instruments at Cambridge are the fifteen- 
inch equatorial telescope, the fifteen-inch reflector, the twelve-inch 
meridian-photometer, the eleven -inch Draper telescope, the eight-inch 
transit-circle, the eight-inch Draper doublet, the six-inch equatorial tele- 
scope, and the four-inch transit-photometer. The principal instruments 
at Arequipa are the twenty-four-inch Bruce doublet, the thirteen-inch 
Boyden, visual and photographic, equatorial telescope, the eight-inch 
Bache doublet, the four-inch meridian-photometer, and the four-inch 
transit-photometer. The eight-inch transit-circle is not now in regular 
use, but with it two of the international zones have been observed. All of 
the other instruments are in regular use every clear night, nearly all of 
them until dawn, and the work done with them is not duplicated else- 
where. 

^'Permanence of Direction. — Each piece of work undertaken at a 
large observatory should extend over several years, and in some cases 
indefinitely. Changes greatly diminish the value, and should be made 
only when absolutely necessary. Continuity of work is best secured by 
long tenure of oflice of the executive officer. At the Naval Observatory 
ten Superintendents have held office during the last thirty-three years, not 
including those serving ad interim, the average term being three years 
and one third. Some of these served two or three times, with inter\'als 
filled by other officers. (See Appendix, Exhibit I ) The rules of the 
service render difficult the long continuance of an efficient officer on shore 
duty. The Greenwich Observatory, established in 1675, has had eight 
directors in two hundred and twenty-four years, the average term being 
twenty-eight years. The Harvard Observatory, established in 1840, has 
had four directors in fifty-nine years, the average term being fifteen years. 
Of these two institutions, nine of the directors have died in office, one 
retired at the aj;e of eighty years, and none of them have ever resigned 
to accept positions elsewhere. 

" Salaries. — 'Yhe principal item in the expenses of an active observa- 
tory is the salaries of its officers. For the Naval Observatory this item 
amounts to five sixths of the entire expenditure. It is, therefore, of 
importance to compare the scale of salaries and the proportion of high and 
low grade officers. The approximate number of persons of various grades 
and their average salaries at the Naval and Harvard Observatories are : 
given below: — 
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Naval OhttTValory. Harvard Obitrvalnrji. 

Directore a $A,ooa \ (5.000 

Astronomers 4 3,000 6 1,000 

Assistant Astronomers . 3 1.900 13 900 

Computers 8 t,ioo 18 600 

Skilled Artisans .... 6 1,300 i 700 

Laborers ao 7C0 3 600 

43 4a 

It should be stated, however, that some of the assistants at Harvard 
devote only a portion of their time to this work and receive proportional 
^^laries, the efTect not being sufRcient to materially alter the conclusions. 

"The dual head of the Naval Observatory is, of course, the most 
striking feature ia this comparison. This alone gives an undue cost to 
the man^^ment of the Naval Observatory. The salary of the Astro- 
nomical Director is small, considering the importance of the position. 
As he is a professor of mathematics, his salary may be |i,4oo, (2,800, 
X3>3oo, or (3,500. The Superintendent, in addition to his salary, has the 
***• of a suitable house, A house is provided for the Director at the 
Harvard Observatory, but the rent is deducted from his salary. It has 
"ot been customary for the Superintendent of the Naval Observatory to 
«Ite part in the scjentllic work of the institulion and the Astronomical 
Director does not make observations. The Harvard directors, in addition 
to their work in the day-time, have always taken part in the observations, 
the Work for the last twenty years averaging over four hours on every 
clear evening. 

" In nearly all military and civil establishments the oflicers of low grade 

*''* ttiuch more numerous than those of high grade. There are many 

***^'"e captains than admirals. At the Naval Observatory this difference is 

••ch less than at Harvard. At both institutions the observations consist 

"^^inly of large pieces of routine work. These are planned by the direc- 

I ^""s and astronomers, who may also make the observations; but the great 

^"<ir of computation and reduction is done by the assistant astronomers 

"•^ computers. The latter can do as tnuch of this work, which is often 

^t-e copying, as officers receiving much higher salaries, and it will be 

j^''C«d that Iheir number at Harvard (ihirly-one) is nearly three times 

j^^* at Washington (eleven). The naval appropriations provide for an 

*^'*^ment-maker, an electrician, a photographer, a carpenter, an 

^''Rtneer, Mwi & skilkd laborer. At Harvard ihere is one instrument- 

. ''.^r. who, however, has a machine-shop. No adequate shop is pro- 

T *^^*d at WashinKtoii, The photographic and similar work at Cambridge 

1^ ,^*-*i^ mainly by tlie assistant astronomers and computers. Ten of the 

i~ers at Washingtim take care of the grounds, which are ten times as 

^»isive as those at Cambridge. The large number of watchmen (sis 



e3« 



^n^ 



. captain of the watch) is perhaps justified by the value of the prop- 



^. V 10 be gtiarded. The great difference in salaries at Washingtor. 

^ _*^^ bridge, especially for the officers of lower grade, is probably una- 
^ -**-Jable. This is p.irtly due to civil-service rales, which, as sometimes 
^^^ "^^inislered, also render it difficult to discharge a man who proves to be 
J, **^t for his posiiiuti. The alternative of political appointments would 
^'^wver be fatal to ihc scientific usefulness of the institution. 
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''It is evident that the liberal appropriations made to the Naval 
Observatory should render it the greatest observatory in the world. The 
principal hindrances, as compared with other observatories, seem to be: 
(I) The relation of the observatory to the Government, which makes its 
management complex; (2) frequent changes in its executive officer, which 
renders a policy of long continuance difficult; (3) the salaries must be 
much higher than in private institutions to secure equally good men; 
(4) promotions in cases of special skill, and removal in cases of ineffi- 
ciency, are difficult; (5) specific expenditures must be provided for in 
advance, and cannot be changed if conditions alter. Many of these diffi- 
culties would be diminished with an efficient and active executive, 
thoroughly familiar with the scientific work of the institution and having 
power to enforce needed reforms. A Board of Visitors, independent of 
Government control, but having power to make necessary changes, would 
greatly aid such an executive.** 



The Board of Trustees of the University of Indiana have 
decided to build an observatory, the principal instrument of 
which is to be a first-class twelve-inch refractor. 
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Minutes of the Meeting of the Board of Directors, 
HELD IN the Rooms of the Society, November 25, 

1899, AT 7:30 p. M. 

Mr. BuRCKHALTER presided. A quorum was present The minutes 
of the last meeting were approved. The following members were 
duly elected :- 

List of Members Elected November 25, 1899. 

Mr. W. H. LowDEN 314 California St., S. F., Cal. 

xn^ i7». .»» \r^. ,« j Director National Observatory, 
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